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Teacher Education (preservice education guidelices, certification^ 
programs and research; science teachirg today, curriculum reform, 
supply and demand, professionalism and respcrsifcijity , pressures and 
politics, and implications for science teaching); (5) Ccrticllicg and 
Financing Education (control and finarcing cf schools; cost 
effectiveness of science instruction) ; and (U) Keeds Assessment 
Efforts (general education needs and science educaticr reeds). 
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I, INTRODUCTION 



The two decades, 1955-1975, are unparalleled in the degree of activity 
in science education. Millions of dollars were devoted to the cooperative 
involvement of scientists, educators, and learning theorists in the 
development of science curriculum materials. Extensive programs Were 
conducted to upgrade and update the science content background of teachers 
and to train them in the use of the new curricula (Krieghbaum and Rawson, 
1969). This marked the first major invest^nent of federal monies directly 
in curricular and instructional concerns. 

The Elementary and Secondary Education Act (ESEA) of 1965 continued 
the pattern of direct investment, initiating programs to deal with special 
groups within the educational community. Concern for the educational 
needs of students, especially the disadvantaged and deprived, and for 
progr^ effectlvenejss evaluation was specifically mandated within this 
Act {Lant, 1971). 

/jhe focus of this project was a status report on the impact of such 

activity in curriculum development, teacher education, instruction, and 

needs assessment. Specifically, the purpose of this project was to: 

o 1. review, analyze, and summarize the appropriate 

literature related to pre-college science 
instruction, to scfence teacher education, 
and to needs assessment efforts; and 

2. identify trends and patterns in the preparation 

of science teachers, teaching practices,^ curriculum 
materials, and needs assessments in science education 

during the period, 1955-1975. \ 



Procedures 

The procedures followed in this proje.ct Involved retrieval and 
analysis of existing literature, rather than the development of new 
documents • 

A major source of documents resulted from a comprehensive search 
of the ERIC data base. This data base included 140,00 citations from 
professional and technical journals related to education and published 

0 

on ^ monthly basis in Current Index to Journals in Education (CUE) . 
The companion publication. Resources in Education (RIE), announces non- 
journal publications such as research reports, state guidelines, program 
descriptions, etc. The RIE collection included 125,00 documents. Terms 
used in searching the ERIC collection are included in Appendix A. The 
output from this search yielded over 8,000 abstracts, many of which were 
duplicate citations owing to the comprehensive nature of the search • These 
abstracts were then scanned for relevance to the project objectives. 

The Education Index and Readers Guide to Periodical Literature were 
also searched ff or pertinent documents, particularly for the period 1955- 
1965 which preceded the development of the ERIC system. These contain 
extensive listings of educational literature and account for several thousand 
documents . 

Dissertation Abstracts International (DAI) was searched for doctoral 
dissertations related to practices, teacher education, and needs assessment 
in science education. This collection comprises a total of over 3,000 
dissertations related to science education. ^ During the 1355-1975 period 
2,658 dissertations bearing on science education were reported. Terms 
used in searching DAI are listed in Appendix B. 

Collections of federal agencies were also included in the literature 
search. Tlie National Institute of Education (NIE) library was searched. 



with special attention paid to historical and sununary documents. Files 
of the National Science Foundation (NSF) were examined for research and 
evaluation reports, program descriptions, and reports of projects. 

Questionnaires were sent to all state departments of education 
requesting information and documents dealing with state guidelines a^nd 
policies, enrollment and course offering information, summary statistics, 
annual reports, planning documents, etc. (See appendix C) 

Identification of state documents was aided by a publication produced 
by the Council of State Science Supervisors (197A), Data Utilization; 
A Key to Improved Science Education . This represents a laudable attempt 
to identify, categorize, and bring some consistency to science education 
data collected by the state departments of education. 

Finally, visits were made to 14 states by personnel of the project 
staff. States from which data and information were received are listed in 
the following table,. 



TABLE 1 

STATES INCLUDED IN PRELIMINARY ANALYSES 



*Ari2ona 


North Carolina 


California 


North Dakota 


*Colorado 


*Ohio 


Delaware 


. Oklahoma 


Florida 


*Oregon 


*Idaho 


Pennsylvania 


*Indiana 


South Carolina 


*Iowa 


Tennessee 


*Kansas 


Texas 


Kentucky 


*Utah 


Maryland 


Vermont 


Massachusetts 9 


Virginia 


Michigan 


^Washington 


*Minnesota 


West Virginia 


Montana 


*Wisconsin 


*Neb raska 


*Wyoming' 


Nevada 




New Jersey 




New Mexico 




New York 




*States visited by project staff. 


iO 



The total number ""of relevant documents Identified In the search 

procedures described above was estimated In excess of 6000; an accurate 

count could not be made due to the duplication occurring through various 

modes of retrieval. Clearly the Inclusion of all available documents would 
♦ 

render the task of review and analyses impossible, the bibliography 

excessive, and the final report valueless. The decision was loade to select 

and review representative documents. The determination of which documents 

to include was based upon: 

V . 

1. generallzablllty of results based upon size of 
' population, sampling ^techniques, and methods 

of analysis; 

2. summarization of data or research reports, 
(e.g., reviews of research); 

3. Importance or significance as Indicated by publication 
in a refereed journal oir as a committee report; 

4. representativeness of a type or kind of document 
(e.g., curriculum guides). 

Such decisions are, of course, judgmental and subject to error. Yet 
not to make the decisions seemed the greater error. The final selection 
then, contained approximately 10% of those documents that might have been 
included. The authors of the report collaborated in identifying relevant 
documents. Further analyses were then conducted by the authors as indi- 
viduals in developing the various subsections of the report. The documents 
were analyzed on the basis of presenting as accurately as possible the 
conditions, practices, and needs assessment efforts in science education 
as reflected by the literature. 

While a large number of documents related to science education exist 
and have been identified, many exist that cannot be identified, or once 
identified, cannot be retrieved. Data produced by the various state depart- 
mehts are especially susceptible to becoming fugitive literature. Huge 




quantities of data are amassed, analyzed and summarized to varying degrees,, 
stored for a time, and shortly consigned to the "5th Avenue Warehouse", 
never to be found again. Locating data or reports more than five years 
old is an extremely difficult task. This is partly due to reassignment 
or 'turnover in personnel, partly due to insufficient stprage and management 
capacity, but probably mostly due to shortage of funds to process tfce 
information effectively. 

A related problem is the wide variation in the kind of iaformacion 
collected by state departments and other education agencies. Little 
consistency exists with respect to what data are collected, ways, they are 
treated, or how they are reported. These data are collected primarily 
for the purposes of the state department or agency involved, rather than 
for the benefit of external purposes. As a result, when a need for information 
on a broad scale arises, the probability is low that the required data 
exist in a useful fom. Some amount of consistency in the collection of 
data could yield gre-t quantities of information in determining needs and 
trends in science education. In this regard, some mechanism by which 
information needs could be anticipated and appropriate actions taken in 
advance of the problem would be a boon to -^o ;ion making. 
Format of the Report 

The remainder of the report is divided into five major sections. 
One section deals with existing practices and procedures in schools, another 
summarizes science teacher education, the following section deals with 
controlling and financing education, the next reports on needs assessment 
efforts, and the final section presents a summary and trends of needs and 
practices. 

Within each section summary statements are presented for the major 
subsections followed by the documentation from which each was derived. 

ERIC 



Because of space limitations ,and redundancy of information, the documents 
cited are selected as representative and do. not consitute ^iji exhaustive 
listing of applicable citations. Thus, one, two, or three documents are 
often cited where five to ten times as many documents exist and could 
have been W?uded. It should be noted that many of the docviments are 
from the last half of the twenty-year period rather than the first half. 
This stems partly from the ephemeral nature of much of the literature, but 
more importantly from two other considerations. First, the emergence 
of results, trends, and, patterns is better reflected in the more recent 
lijuji-ature since these are not instantaneous apparitions. Second, the 
recent literature indicates the existing conditions from which decision 
makers must determine factors affecting educational policies . If a historical 
review is to assist science education, the policy implications of' past events 
must be considered for the future. 
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II. EXISTING PRACTICES AND PROCEDURES IN SCHOOLS 
Data for this section were obtained from a review of over 600 individual 
research studies, state and federal docianents, and journal articles. Many 
are cited in the bibliography • Key studies are referenced to support all 
statements to which'they are related, though not all references are used to 
support all statements to which they relate; such a pattern would use too 
much space for this report • 



PRACTICES AND PROCEDURES IN SCHOOLS 



General School Enrollment 



!• Enrollments- in public elementary schools were increasing from 
1955-1969. Since that time enrollments -have been declining. 
Forecasts predict continued decline until at least 1984 or 1985* - 

2. Enrollments in 'public secondary schools were increasing ^from 

1955 until 1976* Enrollments will probjably- decline in the 'future 
until at least 1984 or 1985. 

3* Enrollment increases impacted the schools in many waya^* Included 
were expansion of staff, program offerings, and buildings* 

4* Enrollment decreases are impacting the schools in raany^ ways# 

Most of the more obvious effects are due to reduction in revenues. 

5, Some investigators are predicting a possible increase in school 
enfbllments beginning in the middle 1980 *s. This increase will 
not bring enrollments back to present levels , but will have an 
impact on staffing, facilities, and material needs'. 

6. A substantial number of students (nearly ,3" percent o£ the U^S. 
total) are enrolled in less than 200 school districts. 



- Data analyzed indicate enrollments in public elementary Schools 
increased until 1969 and then began to decline (see Table 2 > P* 
If data for only grades K--6 are analyzed, it appears the peak enroll- 
ment occurred in 1968. 



TABLE 2 

Enrollment in Public Schools Grades K-8 
Fall 1965 to 1985 (in thousands) 



Year 
(Fall) 



K-8 Enrollment 



Year 



K-8 Enrollment 



Recorded 



1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 




30,563 
31., 145 
31,641 
32,226 
32,597 
32,577 
32,265 
31,831 
31,353 
30,921 
30,556 
30,072 



Projected^ 



1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 



29^463 

28,753 

28,199 

27,876 " 

27,819 

27,923 

28,158 

28,446 

28,830 



1. Statistics of Public Schools, 1965-75 . National Center for Education 
Statistics, Washington, D.C., 1976. « 

2. "NCES Projects K-i2 Enrollment Upturn, to Begin in 1984." Phi Delta 
Kappa ii, 58(9) :7L4, May, 1977. 
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The Increase in enrollment in the elementary school was due to a 
number of factors; the major influence was increase in the birth rate. 
Other factors influencing the increase were immigration and increasing the 
holding power of the schools. 

Since 1969, enrollments have continued to decrease. Current projections 
forecast a continued decrease until 1984 or 1985, Since the current major 
factor influencing the elementary 'school enrollment is the birthrate, these 
projections should be very accurate at leas through 1982; unless there is 
a substantial change in the birth rate, ot^changes in ncn-public elementary 
school enrollment, these projections shciuld be close through 1986-87, The ' 
projected low enrollment represents about 2,2 million fewer students than 
in 1976 and 3, 7. million fewer students than in 1969, Public secondary 
school enrollments (grades 9-12) have increased each year since 1955 
(Table 3, p,10) until 1977, Between 1955 and 1976 enrollments in public 
secondary schools more than doubled . This increase was caused primarily 
by the increased birth rate, but also was aided substantially by the 
increased holding power of the schools. 

Between the 1940 *s and the 1970's the percentage (national average) 
of ninth grade students who stayed in school and graduated from high school 
increased from about 58% to approximately 79% (Based on analyses of reports from 
27 states ar.d NCES data). Significant differences still exist among many 
of the states; a, number of the states approach or exceed 90% retention^ 
while some schools are substantially below 80%, 

Based on current elementary school enrollments, the current non-public 
school enrollment trends, and the expected holding power of the public 
schools, a decrease in enrollment is projected until at least 1985, The ' 



'o 



TABLE 3 



Enrollment In Public Schools Grades 9-12 
Fall 1955 to 1985 (in thousands) 



Year 9-12 Enrollment Year 9-12 Enroliment 

(Fall) 

Recorded ^ > ^ <> Projected^ 



1955 .. 


6,918 


1977 


14,258 


1957 


7,905 


1978 


14,101 


1959 


8,531 


. 1979 


13,725 


1961 


9,617 


1980 


13,233 


1963 


10,936 


1981 


, 12,699 


1965 


11,610 


1982 


12,190 


1966 


11,894 


1983 


11,912 


1967 


12,250 


1984 


11,878 


1968 


12,718. 


1985 


11,928 


1969 


13,022 






1970 


13,332 






1971 


13,816 






1972 


13,913 






1973 


14,077 






1974 


14,132 






1975 


14,281 






1976 


14,321 







1. statistics of Public Schools, 1965-75 , National Center for Education 
Statistics, Washington, D.C., 1976. . , 

2. "NCES Projects K-12 Enrollment Upturn, to Begin in 198A." Phi Delta 
Kappan , 58(9): 714, May 1977. 

3. Digest of Education Statistics, 1975 . National Center for Education. 
Statistics, NCES 76-150. U.S. Government Printing Of f ice, Washington, 
D.C., 1975. 
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projected low point in 198A represents about 2,5 million fewer students 
than those enrolled in 1976» Unless the non-public school enrollment 
pattern changes, these projections should be accurate. An analysis of the 
elementary school data and census data on birth rates provide data that 
should be reasonably accurate until the 1990^ s. Monitoring the anJiual 
birth rate and the ni^er of births will provide good correction procedures 
to extend these data 'and avoid "enrollment surprises." 

The birth rate between September, 1976, and April, 1977, shows about 
ajsix percent increase compared to last year. In addition, the number of * 
marriages is up and there is no increase in the divorce rate. ("Babies...", 
Science News . 1977) While' all evidence suggests the total enrollment in 
1990 Willie substantially less than the enrollment in 1969, the .number 
of school age children should show an increase beginning in the middle 
1980' s. Based on current estimates,' enrollment increases will have the 
greatest impact in suburbs and in the South and West. ("Slight...", 
Information , 1977) 

The impact of the expanding^ar^roliment upon the public schools has 
been obvious in many ways: (r)- increaseis in school staff^ both instruc- 
tional and non-instructional; (2) increases in expenditures for school 
buildings; (3) increases in numbers* of buildings in urban and suburban 
locations; (4) increases in student enrollments in many schools; and (5) 
increases in students taking various courses in the schools (derived from 
a number of state and federal document's with statistical data). 

The impact of the reduction in enrollment has been described by many 
writers and presents both a problem and "a possible opportunity to many 
school^ districts. Obvious problems are: (1) budget reductions based on 
enrollment; (2) need for fewer or smaller schools; (3) reduced need for 
some equipment and transportation items; (4) fewer students per grade and 

is'"" --' - 



in many cases, per course; and (5) need for fewer teachers under current 
patterns* 

The reduction in enrollment can provide opportunities for raodlffication 
of the school and instructional program. Capital debt and jLnteT/est could 
be reduced and used for other purposes, class and coXirse en 
be reduced, school building enrollments could be reduced, add space allo- 



cated to various programs could be increased. 

I 

i ' / 

Odden (1976) made several points in a recent publication. 

1. Declining enrollments have had the greatest/impact in the 
elementary schools, though the middle scho(/ls and higK 
schools will be affected in the next decac 

2. '^ Declining enrollments are uneven among scnool districts. 

Areas that have a low birth rate and have a negative movement 
of people to the area are affected most severely • Areas that 
have a positive movement of people to the area are not 
affected as seriously. 

3. / The largest and smallest school districts are affected most ' 

severely. Central cities appear to be suffering the 
greatest losses. 

4. Declining enrollment districts tend to have above average 
per pupil expenditures (total, instructional, operation, 
and fixed expenditure), lower than average pupil/teacher 
ratios, and above average salaries. 

/ 

Scl)Ool consolidation has also influenced school programs and operations. 

/ • ■ • 

Between 1932 and 1974 the number of school districts was reduced from 

about 127,000 in 1932 to 35,700 in 1961-62, to 17,200 in 1971-72, and 

16,700 in 1973-74. These changes have been accompanied by eliminating 

f- 

many small schools, building more facilities for larger schools, larger staffs 
and a greater variety of school offerings. (Education D^^rectory: Public 
School Systems, 1971-1972 , 1972; **A Statistical Profile: Education in the 
States, 1973-74," Compact , 1974). 

Since school districts were consolidated and as enrollments increased, a 
small number of school districts have come to enroll a substantial percentage 




the students in public schools of the U.S. Data indicate that the 184 

rgest school districts hava about 29% of the students enrolled in public 
sckools; the^730^'ar£est have about 45-48% of the students enrolled. Based 
on. thM^/StAti:8tic8//it is obvious that a relatively small number of school 
districts deteri^ne the educational programs for a large number of students. 

\ / 

School Organi^zatioa Patterns I 

' j ■ 



1. Most elementary students are enrolled in schools with grades 
1-6, K-6, 1-8, aud-K-8. ^ 

2. The most common pattern for teaching scllance in elementary schools 
is the self-contained classroom. Increasing emphasis on department- 
alization and special teachers Is occuring in grades 6-8. 

3. Most students in* secondary schools are enrolled in school? with 
grades 7, 8, and 9 or 7 and, 8 and in hi^ schools with grades s 
'10-12 and 9-12. 

/ ' - 

4. Secondary school science is taught primarily by teachers who 
have received their training in science. 



Several investigators and agencies have studied the organifZation pactems 
of elementary schools and teaching science. These include Blackwood (1965a, b); 
Steiner, et al. (1974); Howe, ^et al. (1974); National Center for Education ^ 
Statistics ( Progress of Education. >. , 1973; Statistical Survey... , 1975; 
Digest of Education... , 1976). ^ 

Most elementary students are enrolled in elementary schools that 
include grades. 1-6, K-6, 1-8, and K-8. During the 1960's and 1970's there 
has been considerable interest in the development and organizai.ion of ^ 
middle schools. The term middle school means different things to different 
people; hence, it is not surprising to find the emergence of many schools 
with different patterns of organization related to this concept (sucli as 
grades 4-6, 4-5, 5-6, 5-7, c*tc.). Prior to enrollment declines, the num- 



ERLC 



ber of these types of schools and the niunber of students enrolled in these 

< 

schools was increasing. Since enrollment declines have taken place, there - 
has been an effort to close elementary schools in many communities (par- 
ticularly urban) due to smaller school enrollments; this action appears to 
have had the effect of reducing the number of middle school programs. 

The most common pattern for teaching science in elementairy schools 
is in the self-contained classroom. Instruction by a special teacher is 
seldom the pattern prior to grade 3. From grade A to grade 8 the percentage 
of instruction by special teachers or science teachers increases v^ith the 
grade level. Data indicate increasing emphasis on instruction by a special 
teacher or science teacher in grades 6-8 (Blackwood, 1965a, 1965b; Steiner 
et al.^ 1974; Howe et al., 1974; Howe, 1977). 

Data indicate that an increasing number of teachers were being provided 
with special help for teaching science through, the school year 1974. While 
specific data directly supporting a reduction in such assistance if^ere not 
located, documents examined indicated a reduction in supervisory positions 
which probably means a reduction in such support. 

The majority of the studen::s in secondary schools are in junior high 
schools with grades 7, 8, and 9^ or 7 and 8, and in high schools with grades 
10-12 and 9-12. A substantial number of students in grades 7 and 8' are 
housed in elementary schools including one or more of the lower grades. 
Relatively few students are enrolled in high schools with patterns different 
from those listed (Schlessinger et al. , 1974; White et al., 1974; NCES 1973, 
1974, 1975). 

Secondary school science is taught primarily in departmentalized 
subject areas. Analyses of studies from the/mid 1950 's to t\xz early 1970 's 



indicated some iise of teanr-teadiing approaches^ .but the indiv:iual teacher 
teaching a cla6s is by far the most common approach. The large majority 
of the schools are on daily schedules using periods. The usual school day 

In the mid 1950 was a six or seven period day divided into 45-60 minute 

/ o • ^ ^ 

periods; according to research studies and state reports this is still the 

/ 

most common pattern. Many teachers feel this type of schedule reduces 
the opportunity for many science laboratory and outdoor activities; however, 
probably , fewer than 10% of the schools have any modular schedule or other 
type of plan that differs substantially. from the* usual period plan or a 
modified single/double period plan. (Schlessinger, et al., 1973; Howe, 1977.) 
Substantial modification of daily school schedules does^ not appear to have 
gained much support in the past two decades, though many teachers ani 
administrators have written about the usefulness of flexible schedules that 
allow for time variations. " 
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CURRICULAR PATTERNS 



Elemeatarv School Science 



1» Prior to the late 1950's the curriculum of an elementary 
school was based primarily on a textbook* A curriculum for 
most schools was a textbook series for grades 1-6 (8) or 
two series one used for the lower grades and the second used 



2. With the use of Federal funds (mostly NSF) alternatives to the 
existing materials were developed In the 1960*8. These materials 
had a marked effect on both classroom Instruction, other Instructional 
materials prepared by publishers, and curriculum guides. 

3. Data Indicate about 30% of the elementary schools have used or are 
using the NSF sponsored materials. 

4* During the 1970's several publishers produced materials that are 

modifications of earlier NSF sponsored materials. These modifications 
have been based on feed-back from use of the earlier materials. 

_5. Many of the curriculum materials. produced during this period 
, of time show a marked influence of the ideas of Piaget, Gagne, 
and Bruner. 

6. Summaries of objectives for elementary school studies stated 
^ by teachers, administrators., and science educators in the 
1960's and 1970's show substantial similarity. 

?• Content of many programs produced since 1955 show substantial 
agreement with the objectives reported from surveys. 

8. Recent materials show the impact of concerns about ^the environment 
and energy and natural resources. 

9. 'During the past five years there has been growing^ concern on 

the part of some educators and citizens that knowledge 
objectives of the elementary school program were de-emphasized 
too much. Some of the recent materials illustrate this concern 
as do textbook adoption patterns. 

10. While there are substantial data regarding implementation and use 
of materials, there are relatively few data on quality of use. 



for the upper grades. 
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During the late 1950 s and the early 1960*s considerable interest 
focused on what should be taught and how it should be taught • During the 
middle to late 1950 's textbooks were used by most teachers as the principal 
tool for teaching science. Studies indicate that about 80% of the primary 
teachers and 90% of the intermediate teachers based their instruction on 
a single textbook (Blackwood, 1965a, 1965b; Steiner et a.1*, 1974; Howe et al. 
1974; Kaben, 1971: Webb, 1972; Nelson, 1973,) 

The feeling was that if science for elementary schools was to be 
improved there should be more care and emphasis on the selection of content 
(facts, . concepts, principles), reduction in the amount of content to allow 
for more depth, better organization of the way content was taught (sequence, 
axticulation, examples, etc.), more emphasis on processes of science, more 
"hands en" science instead of reading about science, and use of a greater 
variety of media and materials for teaching science^ 

Extensive NSF support was given to 'the development of a number of 
alternatives to textbook programs in the 1960's. Hausman (1976) provides 
a good brief discussion of this effort and includes such programs as the 
Elementary Science Study OSSS ), Science - A Process Approach (SAPA) , Science 
Curriculum Improvement Study (SCIS), Minnemast, COPES, USMES, and others. 
Each of these projects viewed the needs, the problems, and possible? solu-, 
tions and developed what they thought were useful materials for teachers 
and students. The projects clearly offered alternatives both to the ^ 
current textbooks available at the time, and in most instances to each 
other. The projects also seemed to respond to the desired objectives for 
teaching science identified by administrators and teachers as reported by 
many surveys conducted in the 1950 's and 1960's. 



These materials had a marked effect both on classroom Instruction 
In many schools and on other curriculum materials currently being prepared. 

State data (through 1975) and survey reports (such as those by 
Stelner et al. > 1974; Howe et al., 1974; and others) Indicate that abput 
30% of the students In the U.S. In elementary schools are In buildings 
which have used or are using these materials. Use has varied extensively 
from state to state and also within states. In 1971 about 14% of the 
schools were using SAPA, 8% were using ESS; and 5% were using SCIS (Stelner 
et al., 1974; Howe et al, 1974). More recent data obtained from state 
reports through 1975 indicate an increase in the use of SCIS, ESS, and 
SAPA. Use of SCIS and ESS is estimated for schools in which 17 and 12 
percent of the students are enrolled. Use of SAPA is estimated for schools 
in which 20% of the students are enrolled. Schools that indicated the use 
of one of the NSF curricula frequently used two or more. 

During the 1970*^ several publishers have produced "hybrid** materials. 
In a recent volume by Hausman (1976) , several of these programs are dis- 
cussed. Examples of these modifications of NSF materials are the- Modular 
Activities Program in Science ; Science^ People^ Concepts and Processes ; 
Elementary Science Learning by Investigation ; the Ginn Science Program ; 
and Space ^ 'fime> Energy and Matter . Modific tions made in many of these 
are' based on feedback from teachers regarding NSF projects. Most of 
these reflect consideration of the concerns mentioned on page 17. 

It is evident that the content and activities of these materials is 
different from the textbooks of the 1950 's. Curriculum guides and teacher 
guides produced by stater and local school districts since 1972 are closer 
in emphasis to the NSF project materials and recent **hybrid*** materials 
than to the textbooks of the 1950 *s. 
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Analyses of reviews of re?:3arch produced by" ERIC/SMEAC since 1966 
(see bibliography); Belanger, (1969) ; Ramsey and, Howe, (1969a, 1969b, and 
1969c); and Shulraan and Tamir (1973) indicate the ideas of Bruner, Schwab, Gagne, 
and Piaget have had an iafluente on the psychological and structural organ- 
ization of the post-1960 curricula. The ideas of Ausubel have also been 
considered and have been used as the basis of a number of research curriculum 
studies* 

Major objectives for the elementary school curriculum as stated by 
individuals indicate divergent points of viet;. ^Summaries of the opinions 
-of many teachers, administrators, and science educators, however, show a 
clustering of what they believe should be taught; these objectives do not 
appear to have changed substantially sinc^ 1960 (Blackwood,. 1965b ; EfCLQ/ 
SMEAC Reviews of Research; and others). 

Content of many of the materials produced since 1955 makes them more 
consistent with major objectives identified as desired in surveys such as 
those by Blackwood (1965b) and others., There is more emphasis ir many . 
programs on concepts, processes of science, attitudes toward ?=clence, and 
use of laboratory (hands tn) activity. There also is more emphasis on 
recent corcerns such as pollution, natural resources, energy, etc. The 
recent i*AEP studies, state minimum competency program discussions, and 
comments of some educators and citizens are raising queat-ions regarding 
the emphasis of these materials and programs. Questions are being raised 
as to whether these programs have placed too much emphasis on objectives 
other than knowledge. The impact of this concern is being seen in the 
pattern of adoptions of textbooks and use of materials; ther^i appears to 
be a reduction in the emphasis on laboratory work i^ many schools. 
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There are few data avallable^ to relate material use and quality of 
Instruction. Most of the research that Is available regarding classroom 
Instruction Includes reports on a few teachers or a group explicitly Involved 
In an Inservlce program curriculum development project or Implementation 
activity. 

Studies of teachers In specific programs frequently Indicate significant 
differences In favor of the treatment (Balzer, et al.,1973; Ramsey and Howe, 
1969c). Most of these studies, however, have not followed teachers over time 
to determine the retention or improvement of instruction. ^ ' 

Investigations of samples of practicing teachers not involved in a 
particular program frequently have shown many teachers using different 
materials in similar ways. Thus, while there are substantial data to indicate 
extensive use of various materials, how these materials are used is not 
well documented. 

Research reviewed for this and other documents indicates the teacher's 
philosophy regarding what science should be taught and how science should be 
taught has a strong influence on the ^way teachers teach. This is frequently . 
not a variable included in data collection; hence, it is not correlated 
or used as a correlate, selection criterion, or as a factor in many studies. 
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Secondary School Science 



1. In the early 1950*8 there was growing concern regarding the need 
for technically trained "manpower, the need for improving under- 
standing of science,' and the concern that Russia was getting 
"ahead" of us in science and technology. 

2. Substantial Federal funding was provided to create new instructional 
materials for the secondary schools. These materials tended "to 
show a reduced emphasis on "practical science" and emphasized 
concepts and processes of science. Until the early 1970*S'they 

did not reflect much emphasis on the interaction science and 
society. | 

3. Data indicate the percentage of students taking science courses 
in grades 7, 8, and 9 has increased since 1955. Tlje total number 
of students has decreased due to declining enrollments. 

4. Data indicate the percentage of students taking science in grades 
10, 11, and 12 increased from 1955 to 1973. Data reviewed 
indicate a slight reduction for 1974-76. 

5. Earth Science courses experienced rapid expansion from 1955 through 
the 1970's leading to a shortage of qualified teachers. 

, 6. Biology, Chemistry, and Physics remain the predominant courses 
, in grades 10, 11, and 12, but a number of other courses such as 
oceanography, physiology, integrated science, and environmental 
science- are being offered and are increasing in 'enrollments • 

7. Concerns regarding the material developments of the late 1950*8 
and 19j50*s have led to further materiatl development. 

8. The objectives for teaching secondary school science appear 

to be in transition. Increased emphasis is being given to en- 
vironmental concepts, societal concerns and world problems, 
decision making, and interdisciplinary studies. 

9. As in the elementary school, there are few data on the quality 
of use of materials in school settings. 
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The science programs In the secondary schools of the U.S. have also 
undergone considerable fchange from 1955 to 1976. In this discussion per- 
centage of enrollment will frequently b<i used; this is because net 
enrollments at most levels are nov declining ^ue to fewer students' in 
the schools. ^' j .-^ 

Science materials have received considerable attentioiT-since 1955. 

o 

Prior to Sputnik I, there developed in the U.S. concern regarding ^ 
the education and training of specialists in scieticei mathematics , and 
.engineering. This concern was primarily related national security 
and the scientific and technological progress being made^y^the Russians. 
At that time the curriculum in most schools was predominantly the text- 
book and curricula were constructed by purchasing a series of textbooks. 
Data obtained from states and reviews of surveys indicate the Holt pub- 
lications were the curriculum for a large number of schools in grades 
7-12; In biology, chemistry, and physics Holt dominated the market and has 
continued to control a strong share of the marketl^ 

Following Sputnik I, the National Science Foundation became extensively 
involved in development of instructional materials. In addition, The 
Elementary and Secondary Education Act (ESEA) and the National Defense 
Education Act (NDEA) provided considerable financial support for curriculum 
development, purchase of equipment, and teacher education. 

The ^literature contains many articles written to identify the "need" 
for substaiitial material development. Included by many writers are the 
foilowLug: 

1. Update the material to make the content more accurate • 

2. Place more emphasis on current science endeavors. 
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3» Stress fewer ideas or concepts and provide more depth. 

4. Involve writers who are "closer** to scientific research and 
who can reflect the current state of science. * 

5. Bive more emphasis to inquiry and the processes of science* 

6. Emphasize the laboratory as a place for investigation. 

^ 7. Provide multi-media materials for teaching and["\leaming 
science • 

8» Give teachers up-to-date content. 

As a result of the f inaieial^upport of the Federal Government, a 
number of projects were developed. Included among these were the Physical 

S 

Science Study Committee (PSSC) , Biological Sciences Curriculum Study (BSCS), 

o 

Chemical Education Materials Study (CHEMS), Chemical Bond Approach (CBA) , 
Earth Science Curriculum Project (ESCP) , Intermediate Science Curriculum 
Study (ISCS), Project Physics, Introductory Physical Science (IPS) ancl 
others* 

As time progressed special sets of materials were developed rthat were 
for advanced and second year students, foctised on modular approaches for 
using laboratories, provided special materials for slow learners, and 
others. A review of the Reports of the International Clearinghouse on 
Science and Mathematics Curricular Developments ( See bibliography for 
a listing of the 10 reports produced by Lockard and his associates) 
documents and describes many of these developments. 

These NSF efforts have clearly had an impact on other science 
instructional materials. Modification of other textbooks and laboratory 
manuals reflect the influence of the NSF materials regarding topics 
considered, types of laboratory activities, content deleted, and organi- 

j 

zation of the materials. ' | 

V 
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Materials produced during most of the last two decades tended to show 
a reduced enqphasls on "practical** science (how things work. Industrial 
processes, chemistry of household Items, etc. )and, until the early 1970's, 
gcraerally did not reflect much emphasis on the Interaction of science and 
society. 

Reports of students' lacking practical ^knowledge in science by 
National Assess^nt and others has led to Increased interest In this 
aspect o£ science. While no ''flourish" of materials has resulted, there 
are^ materials being produced mostly related, to consumer science, and courses 
being developed that emphasize the practical aspect of science* . 

Emphasis on science and society has been receiving Increased interest 
In the literature In materials such as Project Physics . and Huma^ Sciences 
and in many courses that emphasize the environment, science, and society. 
There clearly has been Increased Interest In this area as indicated by 
Increased enrollments reported by states. 

Relatively few content areas appear to be banned or restricted on 
a widespread basis. A review of the literature shows that only human 
reproduction and evolution are restricted In any substantial number of 
schools. Restrlctloris on teaching human reproduction appear to have been 
reduced substantially In the last decade. Evolution continues to be a 
debated topic In some states and localities. 

The percentage of students taking science courses in grades 7, 8, 

and 9^ Increased from 1955 through 1972 or 1973 and since that time has 

c 

remained about constant. Data anlyzed from 27 states,' research studies, and 
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surveys do not support the clalois some people have made about substantial 

reductions in the percentage of students enrolled in science. A reduction 

1 ' 

in the total enrollment has affected the total nuniber of students enrolled 
courses; in general, the total number of students in science courses has 
decreased. 

General Science was the most common course in grades 7, 8, and 9 in 
the middle 1950's. Starting in the late 1950's and continuing Into the 
^ 1970's there has been a consistent decline lit general science courses 
and enrollments. The mocJt common replacements for general science are 
courses in (1) life science, (2) physical science', and (3) earth science; 
the. percentage of students enrolling in these courses, continues to increase. 

Enrollments in earth science showed a sharp rise during these ^two 
decades. Earth science enrollment has increased from about 70,000 in the 
late 1950*8 to well over one million in the mid-1970's. (Mayer, 1977; 
NCES» 1976; ^Schlessinger, et al.t 1973^ data from 29 states). 

Most of this enrollment increase was in courses offered in grades 7, 8, 

and 9. This rapid increase irf^earth science offerings hss led to a shortage 

of qualified earth science teachers in many states. 

Enrollments in courses titled ecology, environment, marine science, 
, oceanography, space and aviation science, and photography have also 
increased; in many schools these courses are offered for only a semester. 
These counses count for part of the increase in junior high school 
science enrollment and also for part of the decrease in enrollments in 
other courses. 

The percentage of students taking science courses in grades 10, 11, 
and 12 appears to hav^ increased since the mid 1950's throu^ the early 
1970' s. Analyses of state data and reports of the National Center for 
Education Statistics indicate an increase of about 5% from 1955 to 1973. 
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State data reviewed for 1974-76 Indicate a small reduction in the percentage 
of students taking science courses. Niimbers of students enrolled in soma 
selected courses according to the NCES are listed in Table A . For about 
50% of the .students, biology is their last science course, usually in grade 
10. 

•f 

The percentage of students taking biology in grades 10, 11, and 12' 
increased from 1955 through the early 1970' s. This increase was due to 
many factors including increased emphasi^ on science. Analyses of state 
reports suggest that ^a major factor in th^(^ 4.rcrea8e was the increased 
holding power of the schools; most students had to take a science course 
to meet graduation requirements and it appears they frequently selected 
biology. The percentage of students taking biology appears to have decreasc^d 
sligjitly in the past three years. Some of the enrollment drop in biology 
has come from the selection of Other science course?; many of these courses 
such as ecology, anatom^r, oceanography, physiology, and integrated science 
contain biological science concepts. If these courses are included with 
biology enrollments the percentage of students being exposed to biological 
science concepts has not , decreased.. In most states over 80% of the students 
enroll in a biology course at sometime during their high school program. 

Biology courses in the late 1950 's were primarily based on the Modem 
Biology book published by Holt. The three textbooks (blue, yellow and green) 
developed by the Biological Science Curriculum Study (BSCS) were adopted 
by many schools during the late 1956/s, 1960's, and 1970's. Use of the 
BSCS materials continued to increase until the early 1970's. Data indicate 
about 40% of the students studying biology were using one of the three 
BSCS versions at that time; about 35-40% of the students were using the 
Modern Biology text. Recent data obtained from states (197^—76) suggest a 
decline of about 5-8% in the use of the BSCS materials. 

''^ 33 



TABLE 4 



Number of Public School Pupils in Grades 9 to 12 
Enrolled in Specified Subject Areas Selected Years ^ 



General Science 

Biology 

Botany 

Zoology 

Physiology 

Earth Science 

Chemistry 

Physics 



1948-49 ; 

1,121,980 
995,930 
7, .670 
5,051 
53,592 
20,575 
412,401 
291,473 



1960-61 

1,826,087 
1,776,306 
4,996 
5,924 
65,953 
76,564 
744,820 
402,317 



1972-73 

1,096,020 
2,868,352 
47,188 
61,864 
109,588 
558,654 
1,028,591 
583,105 



The Condition of Education , 1976 Edition . National Center for 
Education Statistics, Washington, D.C., 1976. 
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Chemistry enrollments showed a small percentage of enrollment gain in 
the 1960's and early 1970*8. Since 1971 the percentage of students 
enrolled in chemistry appears to/ have, declined slightly. Most students 
in chemistry in the late 1950 's were using Modem Chemistry ^ a textbook 
published by Holt. Two NSF projects were supported to produce materials 
for secondary school chemical education. The Chemical Bond Approach (CBA) 
never was used by" a substantial number of schools. The Chemical Education 
Material Study (CHEMS) publication received greater acceptance by the schools 
Data indicate many schools quickly moved to use CHEMS in 1960 'c}. ' Use of 
the materials appears to have peaked in the early 1970*s at about 30% 
pf the students studying chemistry. . Tliere has been a marked decline in the u€ 
of CHEMS materials during the last four years. This is primarily due 
to the availability of other materials that incorporate many of the CHEMS 
activities and approaches to teaching chemistry. The Modern Chemistry text 
(Holt) has continued to hold a substantial share of the student use. Data' 
from stata reports and surveys indicate that in 1974 about 50% of the 
students studying chemistry were using this book* 

The percentage of enrollments? in physics and physical science increased 
slightly in the 1960 *s and early 1970*s, but never showed a substantial 
increase. Since 1971 or 1972 the percentage of students studying physics 
and physical science has decreased slightly; the percentage of enrollident 



in physics has decreased more than the percentage decline in physical 
The major physics book in use in the late 1950*s was Modem Phys, 



science 
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published by Holt. PSSC was introduced In 1958 and gained in use until the 
late 1960 's or early 1970*s. Data indicate the use of PSSG peaked at 
about 30-35% of the students enrolled in physics. Since the early 1970*s the 
use of PSSC has been declining. Project Physics was introduced in 1969; 
the ViSe of these materials has been increasing and probably accounted for 
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about 20-22% of the students studying physfcs in 1975 (Howe; 1977, Watson, 
1977; and data obtained from 27 states). Modern Physics continued to be 
used by over 40% of the students throughout this time span. 

Physical Science courses were offered in many h^gh schools (about 50%) 
in the }.960's and 1970 's for students who did not take chemistry hr physics 
or as preparation for these courses. Enrollments in the courses increased 
substantially in the 1960 's and early 19 70 'si Introductory Physical Science 
y(IPS) was used as the instructional materials by a large number of the schools 
About 40% of the students studying physical science in 1971 were using IPS 
(Schlessinger et al., 1973). Since the early 1970's the percentage o^ 
students studying physical science has declined, as haa the use of IPS. 

Percentage enrollments in advanced courses (second year biology, 
chemistry, and physics) have shown a slow, but steady increase. Advanced 
Biology and Second Year Biology courses have shown the most gains. From 
data available it appears that about 3 % of the students in grades 10, 
11, and 12 are enrolled in such courses* primarily in larger high schools. 

A number of other courses are frequently offered in high schools, 
as in junior high schools. Courses such as integrated science, ecology, 
oceanography, space science, anatouiy, physiology, and environmental science 
are offered by many schools. Data from state records and surveys (NCES, 
1976; Schlessinger, et al., 1973; Kowe, 1977) indicate the number of 
alternative courses being offered has shown a substantial increase since 
the late 1950 *s. Many of these courses are offered in one semester units; 
to satisfy a graduation requirement a student frequently takes two such 
units or two different courses* Data indicate substantial increases in 
the enrollments in these courses during the last five years. 



3G 

29 



INSTRUCTIONAL PATTERNS 



A niimber of concerns have emerged from the curriculum development of 
this period. Some materials have been and are being produced to provide 
solutions to some of the problems. Among the concerns were those previously 
mentioned, the lack of practical or applied science and the lack of emphasis 
on slence and society. Other concerns Include the difficulty of the materials 
produced (incib41^i^^ and reading), lack of Interdisciplinary emphasis, 

. lack of emphasis on technology, and continued lack of articulation In cur- 
rlcirlar^materlals . 

With the exception of ISCS and a few other projects, little has been 
^done to change the structure of the teachejr-student relationship in second- 
ary school science classes. 

The minimum competency movement has had very little noticeable effect 
on secondary sqhool science at this time. The "back to basics" movement 
and the financial situation of the last several >ears have had considerable 
Impact in many communities and tend to be reflected in materials being 
reviewed and in the amount of time devoted to laboratory activities and 
use of field trips in the curriculum. A review of materials being used in 
several states, ERIC user requests, and surveys (Schlessinger et al., 
1973^ Howe, 1977; Blla. and- Bllgh , 1968; Cornell et al. , L974) indicate 
materials being selected by a number of schools, especially at t^le junior 
high level, tend to reflect less emphasis on laboratory activities and 
field trips and more emphasis on materials that can be used for reading. 
It is difficult to totally separate the reasons for this pattern. 

^ The objectives of secondary school sclfence appear to be going through 
a transition. A variety of courses have been developed to reflect environ- 
mental concepts, societal concerns a~nd world problems and interdisciplinary 
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relationships in content. Hurd (1976r) and others have written about a new 
context for teaching biology. The review of the literature and courses 
being offered In some schools Indicate the movement Includes other content 
areas as well. 

Inpact of State Adoption on Instructional Procedures Materials 

A study by the Institute for Educational Development (Selection of 
Educational Materials In the United States Public Schools , 1969) Indicated 
they found little difference In 24 "state adoption" states and 26 "non- 
adoption" states. They reported the systematic differences In patterns 
of materials selection that were Identified seemed to be based on the size 
of the district Involved, whether It Is urban or rural, Its social and 
economic character, and the attitude of the. school system personnel who 
are Influential and Involved In materials selection. The study also reported 
that financial limitations were \onside red as the most important constraint 
on material selection. Data from\a variety of surveys and other studies 
would tend to support most of the«e findings. 
Elementary School Science 

A number of surveys have^been conducted to determine instructional 
practices in elementary school's. The most extensive studies regarding 
elementary schools are those by Blackwood (1965b) and a team at The Ohio 
State University (Steine^r et Al., 1974; Howe et al., 1974)-. Data from 
other studies and state reporee^were used to extend and to verify or 
dispute the major surveys. Reviews have also provided substantial infor- 
mation regarding practices. These Include reviews by Haney et al., 1969; 
Gallagher, 1971; Cunningham and Butts, 1970; Smith, 1963; Lee et al., 1965; 
R.D. Anderson, 1973; Trowbridge et al. , 1972; Balzer, Evans and Blosser, 
1973; Rowe and DeTure, 1975; and Herron et al. , 1976. 
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The aoiount of Information regarding practice Is substantial* Hence^ 
It Is necessary to summarize and to select key points. 

1* Average class size has been reduced between 1960 and 1975 , especially 
in larger school districts. Average class size has gone from over 30 
in the late 1950's to approximately 24-25 in the 1970's. 

,2. Amount of time devoted to science has increased in the upper grades 
and appears to be about the same in the lower grades. Data obtained from 
Blackwood (1965b), Howe et ^,(1974) and state reports indicate the amount 
of time devoted to science increases as the grade level increases. Data 
indicate about 60 minutes per week is devoted to science in grade 1 increasing 
to 110-140 minutes per week in grades 6,7, and 8. More time is devoted 
to science in classes using NSF sponsored materials than in those that do 
not use NSF materials* 

3. Activities used in teaching science have changed since the late 
1950*s. There is more use of **hands on** and laboratory type instruction 
than prior to the NSF material development effort* However, a substantial 
number of teachers do not emphasize laboratory activities* Lecture- 
discussion is the most common learning activity, followed by student 
demonstration. Reports and surveys indicate a substantial number o€ 
teachers (probably about 30-40%) teach science largely as a reading/ lecture 
class. 

4. There has been an increase in the use of educational television 
and films. Data indicate the use is highest in the lower grades. 

5. Procedures for identifying studc^nts with special interest and 
aptitude are used by many schools. About 20% of the schools report 
special classes or programs for teachers. 

6. Equipment available for teaching science has been increased in a 
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number of schools — largely due to NDEA funds. 

Barriers to effective teaching have been of interest to science 
educators for a considerable period of time, Rev^earch studies have 
been done to identify what people believe are barriers, what others 
believe barriers to be, what correlates with practice, and what tends 
to be identified from experimental studies and observations 

Blackwood (1965a, 1965b) identified several potential barriers to 

effective science teaching from a review of literature and asked principals 

to indicate the extent to which they felt these items hindered good science 

tearhing. Each of the following items was raited as .an important barrier 

by over 60% of the respondents. 

!♦ Lack of consultant services 

2* LacK of supplies 

3* Lack of room facilities 

4. Insufficient funds 

5. Lack sufficient knowledge 

6. Lack in-service opportunities 

7. Teach'' ^-s can not improvise 

8. Teachers not familiar with methods 

In 1970-71 a team of investigators at Ohio State surveyed a national 
sample of teachers and found similar results, A replication of parts of 
the study in 1972, 1973 and 1974 (Howea977) reflect substantially the same 
barriers with slight shifts in percentages of responses. 

Correlational and experimental studies suggest that when these barriers 
are removed or reduced the pattern of teaching is different. (Steiner et al, 
1974; Anderson and Horn. 1972; Berger, 1973; Blosser and Howe, 1969b; 
Southerland, 1972). 

Instruction can be improved if efforts are made to focus on the barriers. 
It would appear that insufficient effort has been provided to reduce these 
persistent barriers. 
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A considerable number of research studies have focused on whether different 
types of instruction make a difference and, if so, what difference, in student 
learning outcomes* Reviews by Belanger (1969), Ramsey and Howe (1969a), 
.Ramsey and Howe (1969b), Shulmatv and Tamir (1973), Bredderman (1977) and 
others indicate the type of instruction does impact on student learning. 

^Secondary School Science 

With the exception of Rogers * (1967) Survey of practices in junior 
,hig^i schools, no large surveys were conducted on secondary school science 
practices in the late 1950*8 and 1960*s. Hence, comparisons will be made 
to data found in many individual studies of one or more states. Data from . " 
The Ohio State studies provide information for early 1970 's. Individual 
studies and replication of selected aspects of the Ohio State studies in 
1972, 1973, and. 1974 provide further data. 

These data indicate the following: « 

1. There is an increase in the use of student centered activity 
(less lecture); however, lecture discussion is the pr«=dominant method 
used by teachers. 

2'. About half the schools report grouping students for science' instruction. 
This appears to be most frequent in grades 7, 8, 9, and 10. Courses at 
grades 11 and 12 tend to be elective. 

Certain courses, primarily chemistry and physics, are self selective 
the way they are currently taught. Research studies by, a number of people 
including Young (1965), Van Koevering (1971), Welch (1969), Bridgham (1973) 
and others indicate the type of students who select physics tend to be 

a consistent ^ subset of students with essentially above average I.Q., 

\ 
\ 

interests in \;iathematics and science, and often career interests that will 
use science. Reasons for not selecting physics frequently are due to the 
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lack of the above factors and from fear of low grades. Chemistry tends to suffer 
from the^same Image, but to a lesser extent. If enrollments are to be 
increased in these content areas, different approaches to the courses are 
needed; some schools have developed different offerings to appeal to 
more students. 

3. Schools have become better equipped for science instruction. 
Federal funds have been used by over 50X of the schools to augment their 

'equipment. While most of it is used, the extent to which it is used varies widely. 

4. Average and below average students have had difficulty with a number 
of the NSF sponsored materials. Data suggest this was due to high reading 
level and difficulty of some of the concepts. 

5. While some efforts have been made to develop and use indiv^ 'dualized 
and self-paced instruction (for example ISCS) , a very small number of students 
are exposed to these types of instruction^ 

6. Use of educational television and computers is increasing. A 
number of schools have purchased or leased a minicomputer while others 
rely on rented time. While educational television is being used, the 

extent to which it is being used is very limited. Television and individualized 
learning materials offer two promising ways of improving instruction and 
also reducing instructional costs since both can reduce expenses related 
to staff and facilities. 

7. The number of alternative materials for teaching science has increased 
markedly since 1955. The variety of materials that are available place 

a greater burden on the local school regarding selection and articulation. 

A number of investigators have surveyed teachers and administrators 
and h;»ve conducted other research studies to identify correlates of effective 
instruction and g ood programs . Schlessinger et al., (1973) identified a 
number of variables believed to be very important by 50% or more of a 
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national sample of teachers. These were: 

1., Science facilities 

2. Administrative support 

3. Staff ^ cooperation 

4. Small classes 

5. The number of separate subject preparations-reasonable 

6. Good Instructional materials 

^ Felt to be important, but less important than the previous wete: 
'(a) Teaching loads (b) In-service Education (c) Salary. ^ 

\ Other studies tend to agree with these variables as being important. 

Reseat?ch on the change process also supports these same variables as being 
important for iDq)lementihg and maintaining programs. The main variables 
identified are key personnel, administrative and peer support, usable 
materials, help in implementation, and incentives to the persons involved 
in the change process. 

Research on whether iristructflm^akes a difference at the secondary 
school level has been reviewed by Ramse^sand Howe (1969b), Shulman and 
Tamir (1973), and others. The data indica^ certain imitructional modes 
are more effective for certain groups of students and specific objectives. 

The data also indicate the teacher in usual instructional patterns 
is the most important instructional variable. In individualized approaches, 
materials tend to become more Important. 

About 50 percent of the students in secondary schools currently complete 
their last course in science in grade 10 (Schlessinger et al,, 1973; 
White et al, , 1974; NCES, 1974, 1975, 1976; 24 sLule reports), 
^Thus, there is little science emphasis in the curriculum of a large percentage 
of the students. While the merits of various materials and approaches 
for teaching science can be considered, there will be virtually no impact 
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of these on many students durlhg their last two years in high school. 

For many students the last physical science course completed is in th( 
ninth grade. Thus, these students have little or no contact with physical 
science concepts, methodology, and applications during their last three 
years of secondary school. 

A review of state requirements (as of 1976) course Enrollments from < 
state and national reports, and current reports of various groups regarding 
educational needs indicate science, courses are usually required in only 
one or two years of the four year high school program. In the opinion of 
the reviewers, it appears that the role of science in the secondary school 
curriculum for general education remains unclear. VJhat science students 
•hould learn also remains unclear. 
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Facilities and Equipment 

In the bulletin "Conditions for Good Science Teaching in Secondary 

Schools", produced by NSTA, the c^e for science resources is stated: 

It is now widely recognized that science is a process 
and an activity fullyN as much as it is an organized 
body of knowledge and that, therefore, it cannot 
be learned in any deep and meaningful way by reading 
and discussion alone. (1970, p 3.) 

The literature indicates that the adequacy and availability of science 

facilities, equipment and supplies is as important at the elementary level 

as at the secondary level. 

The following statements summarize conditions with respect to science 

facilities and equipment: 

1. Adequacy of science facilities is perceived as one of the most 
important conditions necessary to a good science program. 

2. Science equipment and supplies, or their perceived lack, greatlv 
influence the teaching of science. 

3. Availability of funds for purchasing equipment and supplies" is 
a major factor in the science program. 

4* Flexibility in usage is increasingly important in science 
laboratories and facilities. 

There is widespread agreement in the literature about the importance 
of science laboratories and facilities to the science program. Based upon 
surveys of 850 schools in 7 states, Koelsche and Solberg (1959) reported 
that about half the schools indicated they lacked adequate laboratory space. 
About one-third of the schools had inadequate storage space. 

Schlessinger et al. (1973), in a summary analysis of surveys by Chin 
(1971), Baker (1973), and Buckeridge (1973) compiling data on a national 
basis, reported that of 2,254 secondary school science teachers of a national 
sample responding to a questioi 're, nearly 94% rated science facilities 
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in the two highest categories of important factors for a quality science 
program. Approximately' 90% of the secondary schools science teachers reported 
having a laboratory or special science room available. 

Rogers ^reported in 1967 that about seven out of ten junior high schools 
had a combination laboratory-classroom and one out of ten had separate 
laboratory-classroom arrangements. More than 25% had no laboratory facilities. 

At the elementary school level, Blackwood (1965) reported that 
inadequate room facilities was ranked second when rating the extent of 
difficulty of 13 barriers to teaching science. Similar findings were 
reported by Maben (1971), Webb (1972), and Nelson (1973) in a series of 
related surveys of elementary school science. Each of the three studies 
sampled defined regions of the U. S. such that the combined studies yielded 
results on a national basis. In all of the studies inadequate room 
facilities was considered the greatest barrier to teaching science. 

As a function of adequate facilities, sufficient space for preparation, 
storage, and student activity is a critical condition ( Conditions. . 1970). A 
b^sic assumption underlying nearly all studies of science facilities is 
that teaching facilities should be derived from and supportive of a specific 
curriculum (Hurd and Rowe, 1964). It seems clear that attempting to teach 
science in a regular classroom, without modifying it in some appropriate 
way, is not likely to be effective. 

Secondary schools reported having an annual budget for science equipment 
and supplies in about 64% and 76% of the cases, respectively. Most common 
budgets reported were from one to three dollars per pupil per year (Schlessinger 
et al., 1973), ^ 

According to Rogers (1967), Junior high schools i^ared less well with 
about 70 percent of the schools reporting budgets for science equipment and 



supplies. Almost 20 percentof the schools did not provide for either" new~eqliilF' 
meiiV-or'^onsumable materials in the annual budget! The mean expenditure 
per school for the nation was approximately $800 but the median was $494. 

Again, at the elementary school level the data reported present a 
..agatiVe image. Blackwood (1965) notes that 46% of the schools reported 
that science equipment and supplies were inadequate or completely lacking. 
This lack of equipment and supplies was ranked second in difficulty as a 
barrier to teaching science at the elementary school level. The annual 
expenditure for science equipment and supplies reported by most public 

Umentary schools ranged from 11 to 14 cents p^rA.pupil. By 1970-71, 
conditions had improved somewhat. Annual budgets for science equipment 
and supplies were reported for about 50% of the elementary schools. Uck 
of supplies and science equipment was ranked the second greatest barrier 
to teaching science in all three studies (Maben, 1971; Webb, 1972; Nelson, 1973) 

Lack of supplies and equipment implies a fu^ifing problem, of course. 
Although the majority of the secondary schools reported an annual budget for 
equipmen£ and supplies, NDEA funds were used for purchasing science 
equipment by about 69% of the schools and ^for purchasing supplies by about 
43%. In addition, 15% of the schools reported using NDEA funds for remode- 
ling science facilities <Schlessinger et al. , 1973). 

At the junior high school level, Rogers (1967) reported that over 80% of 
the schools used NDEA funds to purchase science equipment and approximately 
one third used NDEA funds for remodeling. 

The use of NDEA funds for science equipment and supplies was reported 
by about 66% of the elementary schools. Remodeling of facilities, using 
NDEA funds was reported for about 15% of the elementary schools (Maben, 
1971; Webb, 1972; Nelson, 1973). 
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Piltz and Steidle (1966b) also report that many schools throughout 
the 50 states used NDEA funds for the purchase of supplies and equipment 
as well as for remodeling science facilities. A majority of the states 
reported that the use of these funds had a significant impact on their 
science education programs. 

Considering the existing lack of science equipment and supplies, and 
the absence of sufficient funds for purchasing, any alteration in federal 
funding would clearly impact on the science program. This would be par- 
ticularly great at the elementary and junior high school levels, in the ^ 
first instance because existing budgets are so low, and in the second 
because of the high use of federal funds. 

Finally, while adequacy of science facilities is critical to an ' 
effective progam, increasing attention must be paid to the flexibility 
of such facilities. Reviewing the results of the study by Novak (1972) 
together with the recommendations by NSTA ( Conditions. . . , 1970), makes 
it clear that science facilities must be able to accomodate large group 
instruction, small group instruction, individual studies, long term 
projects, group laboratory activities, modular scheduling as well as a 
variety of other instruction^^l arrangements. A single room with fixed 
tables obviously will not serve. As Richardson (1961) recommended, the 
requirements for the design of a science facility should be based upon 
an analysis of the course content and the classroom activities which 
the facility is to serve. 
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III. SCIENCE TEACHER EDUCATION 

The materials reviewed for this section were obtained by searching 
the ERIC data base and by contacting state departments of education for 
literature related to teacher certification standards. The' documents 
may be broadly categorized as descriptive information research studies, 
resea^h reviews, bibliographies, and state of the art papers. While 
some are^^ concerned with science teacher education in ge,neral, the majority 
can be categorized as dealing with either preservtCe edixcation or inservice 
education. A few papers focus on relatli^i^^^eseirvice education to in- 
service activities and stress cooperative efforts of colleges or universi- 
ties and public school systems. 

In addition, two sets of Guidelines, devfelo^ed by the^National 
Association of State Directors of Teacher Education and Certification 
(NASDTEC) and the American Association for the Advancement of Science (AAAS) 
for the preparation of elementary school teachers and for the preparation 
of secondary school teachers of science and mathematics are included 
in this report. The set of guidelines, published in 1967 by the Associa- 
tion for the Education of Teachers In Science. (AETS) which focuses on the^ 
professional education experiences for science teachers is also reviewed, 

PRESERVICE SCIENCE TEACHER EDUCATION 
Information contained in this section relates to certification 
standards as these were identified from state materials, broad guidelines 
for teacher preparation as proposed by the NASDTEC-AAAS groups, a. collec- 
tion of some promising practices in science teacher education, and find- 
ings from research Investigations focused on preservice teacher education 

* 

programs and students. 
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Preservtce-Teacher- Education Guidelines 



The following statements appear to hold true for the documents 
reviewed for this section of the report. 



1. Thes^ materials have been developed to provide a base 
for action which may be used by state certification 
officials in developing certification criteria. 

The documents may also be of use by education faculties 
when developing or modifying programs. 

Concern in the early 1960*s was focused on subject matter 
competence of teachers. Btaphasis was placed on breadth 
and depth in the sciences, with sufficient preparation 
to enable the teacher to do graduate Work in science. . 

4. J As times changed, guidelines were revised. Content 

^* competency was stili stressed but additional emphases^ 
were added to the guidelines (e^rTTmnantsmT-abtllly' 
to communicate). 

5. Some attention was giv^h to the experiences that 
should fom part of the professional education 
component of a teacher preparation program in science. 
The guidelines which resulted have yet to be fully, 

or widely, implemented. 

6. If guidelines and standards are to be implemented, o they 
must be clearly communicated. Specificity in language 
is needed; descriptions of exemplary applications are 
desirable. 

7. Guidelines which can easily be translated into a course 
or series of courses are easiest to implement or most 
likely to be Implemented. 
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— Be cause sta te-cegti~acA^ion -standards are more ex^ clt concerning 



criteria for secondary school science teaching^ this section will focus 

on the NASDTEC-AAAS guidelines for secondary science and mathematics 

teacher preparation. The 1961 guidelines resulted from work begun in 

1959 and were based on four conferences, held in different geographical 

locations and involving representatives from the sciences^; mathematics, 

and teacher education (1961 Guidelines, p-iv). The cpnference participants 

focused on the content preparation of preservice teachers and not on the 

» 

general and professional education components of undergraduate teacher 
preparation programs. 

The developers of the Guidelines hoped the documents would be of 
use to state directors of teacher education and certification as they 
were concerned with providing adequately prepared teachers for the public 
schools (1961 Guidelines, p-2)* Eight guidelines were held to be common 
to all science subject fields and to mathematics. 

I. The program should include a thorough, college-level study of 
the aspects of the subject that are included in the high school 
curriculum, 

II. The program should take into account the sequential nature 
of the subject to be taught, and in particular should provide 
the prospective teacher with an understanding of the aspects 
of the subject which his students will meet in subsequent courses. 

III. The program should include a major in the subject to be taught, 
with courses chosen for their relevance to the high school 
curriculum. 

IV. The major should include work in areas related to the subject 
^ to be taught. 

VII. The program ^hould include preparation in the methods especially 
appropriate to the subject to be taught. 

VIII. ITie program should take into account the recommendations for 

curriculum improvement currently being made by various national 
groups . 

(1961 Guidelines, pp-5-6) 



Hausman^miineo^-^paper^pJ^^fiports^hatL tkeJ^_6-l_gulde lines were 

rapidly accepted. He speculates that this was due, at least in part, to 
the mood of the times: the country's concern, after Sputnik, for up- 
grading the public schools. In addition, the National Science Foundation 
provided a* large amount of assistance through its funding of teacher 
institutes and of content improvement projects. The National Council 
fer Accreditation of Teacher Education (NCATE) provided an additional 
impetus for change by asking institutions seeking accreditation for .their 
teacher education programs to show how they were using guidelines recom- 
mended by the ajzf^demic professions (Hausman, p. 2). 

Related to but preceding the 1971 NASDTEC-AAAS Guidelines is another 
set prepared by several science educators who served as a Joint Teacher 
Education Subcommittee linking the Cooperative Committee on the Teaching 
of Science and Mathematics, American Association for the Advancement of 
Science, and the Association for the Education of Teachers in Science 
(AETS) (Taylor, 1967). This set of guidelines was focused on the profes- 
sional education sequence for prospective science teachers. The document 
advocated that four general areas in preservice education programs should 
be identifiable: (1) the school as a social institution, (2) characteristics 
of learners and the conditions of learning, (3) understanding teaching 
methodology, and (4) practicum type experiences (Taylor, pp. 7-8). 

The manner in which the professional education, experiences were 
implemented in a teacher preparation program was not specified. However, 
three possible approaches (traditional, functional, and competency) were 
suggested (Taylor, pp. 8-11). 



52 

45 



During the decade of the 1960 's, the climate In the schools changed. 
A revision of the 1961 NASDTEC-AAAS guidelines seemed appropriate. In 
the ^971 document, the number of guidelines was Increased to twelve. 
They will aot be produced In their entirety here but will be Identified 
as to areas of co.ncern: (1) humaneness, (2) societal Issues, (3) nature 
of science and. mathematics, (4) science competencies , (5) mathematics 
for science teachers , (6) basic mathematics competencies, (7) algorithms 
and computing, (8) modeling In science and mathematics, (9) communication 
of science and mathematics, (10) learning conditions, (11) materials and 
strategies for teaching, and (12) continuous learning. 

The increase in number of guidelines was not the only change. The 
1971 document was considerably different from that of 1961. Hausman 
has described the 1971 version as follows: 

• 

. . . Instead of focusing on the content of academic courses 
needed to teach a specific high school subject, the new Guidelines 
reflect a broad philosophical outlook on the nature of science 
and math, teaching in modern contexts* It speaks both to the 
competencies required of the teacher, with samples of how these 
competencies might appear in practice, and the desirable personal 
characteristics that should be developed in a teacher. Without 
overlooking the basic subject matter requirements, the Guidelines 
remind the reader that teacher preparation is rooted in liberal 
education. They then point up the need to Include experiences that 
foster humaneness, familiarity with societal issues associated with 
science and technology, the Intellectual and philosophical nature 
of science and mathematics, continued learning and conmunication j 
of new ideas, and the like * * * .(Hausman, p. 2a) 

Because the 1971 Guidelines were concerned with more than content 

proficiency, their Impact is less easy to assess. Nevertheless, the 

Intent of the document was to provide a basis for action. Hausman has 

attempted to assess what, if any, action has been taken. His data were 

obtained through the use of a survey questionnaire sent to institutions 
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from which 50-100 science teachers had graduated in a three year period* 
Using a questionnaire which dealt with nine of the guidelines (6,7, and 
8 were omitted), Hausman surveyed 89 institutions. Sixty-seven usable 

returns were received (Hausman, pp. 4-5). 

t 

Three guidelines showed a high degree of implementation: IV, 
involving breadth and dtr.pth in science content preparation; V, involving 
minimal mathematics competencies for science teachers; and X, stressing 
the nature of learning and its application to science teaching. ll;ese 
three guidelines focus on course requirements and relate to the 1961 
version which was widely accepted. 

Guideline"^ IX, stressing the seeking out of ideas in science new to 
the t)rospective teacher's experience and communicating them to others, 
appeared to be the least successful in implementation. Guidelines II 
and III, societal issues and the intellectual and philosophical foundations 
of science, were also rated as hard to implement (Hausman, p. 6). 

In addition to seeking information regarding the degree of implemen- 
tation of the Guidelines, Hausman asked his respondents: 

How useful do the 1971 Guidelines seem to be for your institution? 
How useful were the 1961 Guidelines? 

What are your suggestions on the Guidelines and Standards published 
in 1971? (Hausman, p. 5) 

These questions produced mixed responses ranging from %igh enthusiasm 

to caustically critical as too idealistic for the real world'* (Hausman, 

p. 17). The Guidelines were seen as useful but more specificity uas desired 

(Hausman, p. 18). 

Hausman also contacted state certification officials. He asked 
them to supply dates for certification criteria most recently established, 
to indicate whether the 1971 Guidelines had contributed to these criteria, 
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and to identify to what extent the 1971 Guidelines had been disseminated 

^,aid discussed. Only 27 replies were received and only 22 individuals 

specifically answerjad Haustnan's questions. Relative to the influence 

^ of' the 1971 Guidelines on certification criteria, 4 reported there had 

been a great influence, 6-soine influence, 2-very little influence, and 

10-no influence. In terms of dissemination and discussion of the 1971 

Guidelines, 8 officials reported extensive activity, 7-some activity, 

and 9-vory little activity (Hausman, p. 23). 

lif the summary section of his 'p'aper ; Hausman provided ~these conclusions 

The Guidelines are not all equally adaptable to implementation. 
^^^E|^iest are those which can be accomplished simply through course 
requirements. Hardest are those requiring interdisciplinary 
thinking^ especially when that crosses over the science line into 
societal concerns. The results indicate that heavy responsibilities 
are assigned to the educational methods courses in developing 
desirable personal qutftities, instructional techniques, and 
motivation to continue as a learrfer. Little evidence is provided 
for an integration of subject matter and instructional quality in 
the development of prospective teachers, with the entire faculty 
devoted to turning out a well-rounded individual. On the other 
hand, there is considerable use of competency-based teacher education,, 
one of the strong recommendations of the Guidelines. (Hausman, - p. 28) 

In 1973, the president of the Association for the Education of 
Teachers in Science appointed an ad hoc committee, named the Professional 
Sequence Committee, to study the need for revision of the 1967 guidelines 
for the professional sequence for prospective science teachers (Taylor, 
1967). Sessions at the AETS fall regional meetings were to focus on 
this documents Only a few such sessions were held. Feedback from these 
few sessions and from a relatively small number of individual AETS 
members indicated the fueling that the 1967 guidelines had not yet 
been adequately implemented^^ and, because of this lack, there was little 
basis for suggesting change. Persons from instit^utions at which competency- 
based programs had been mandated expressed concern for more emphasis 
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on the competency approach suggested in the 1967 document but these 
individuals did not constitute a majority of the respondents. Funds 
were not allocated for a systematic, national survey of^AETS members. | 
Based on lack of feedback advocating change, no action was taken by 
the- Professional Sequence Committee and the 1967"^ document remains as 
the official AETS position on desirable professional education 
experiences for preservice science teachers (Blosser, May, 1974, 
pp. 26-27) • 

Both the 1971 NASDTEC-AAAS Guidelines and the 1967 AETS guidelines 
for the professional experience component of teacher preparation programs 
reflect concern for preparing science teachers who are more than authori- 
tative sources of science information. Prospective science teachers 
need to be proficient in science content and tc have some amount of 

o 

breadth as well as depth, but they also need to be able. to function 
as liberally educated humane individuals who serve as deqirable models 
for their students. The next section of this report will focus on the 
translation of these concerns into state certification standards, if 
this translation has in fact taken-place. 
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Preservlce Teacher Education: Certification ^ 



Specific information concerning teacher certification requirements 
from 12 states was reviewed. Those states were Arizona, Cole -Jo, 
Idaho, Indiana, Kansas, Kentucky, Maryland, Minnesota, Nevada, Oregon, 
Virginia, and Wisconsin. Based on these materials and related reading, 
the following generalizations can be made. 



1. Certification is still basically a function of 
each individual state; V. 

2. Within a state, certification is based primarily 
on the "approved program" approach which involves 
colleges and universities in the certification 
process. 

3. Most states extend reciprocity to persons certified 
in other states, provided their certification 

was part of an approved program of teacher education. 

4» Elementary teacher candidates are seldom required 
to take more science content than that required 
for the general education comporient of their 
undergraduate program. 

5. Certification for teaching science in the secondary 
grades usually involves the completion of 24-36 semester 
hours of science. 

6. Changes in science education courses and materials 
for the elementary and secondary school levels 
appear to have made little, if any, impact on 
college course requirements for certification. 

7. Certification patterns still are based largely on 
courses completed rather than upon classroom perfor- 
mance, despite the increase in articles emphasizing 
CBTE/PBTE. 

Most of the bulletins and b':ochures from the 12 states were similar 

o 

in that the various states issue one type of certificate upon completion 
of a baccalaureate program which lasts for a several year period (for 
Kentucky, 1976, the time involved is 10 years This basic or provisional 
certificate (terminology varies with the state) may be renewed upon 



0 completion of several years of successful teaching experience or may 
be exchanged for a standard, or more permanent, certificate if the 
certificate-holder is able to present evidence of additional academic 
work or inservice credit. Most state boards of education recognize 
that teachers may need to take courses which do not provide graduate 
credit, and none of the documents reviewed specified that all of the 
additional course work needed to be in the area of certification. 
While such flexibility is desirable, there is no necessity that a science 
teacher gain increased depth or breadth in science content in order 
to move to the next level of certification. 

Rather than listing specific courses to be checked for on a student's 
transcript, most state departments of teacher education and certification 
have moved to share some of the responsibility with colleger and univer- 
sities through the ^'approved program" approach. Each institution preparing 
teachers works within tfie broad framework specified for teacher certification 
within the state to develop a program which can be approved as meeting 
the criteria or objectives specified by the state, dlertif ication may not 
involve sending students' transcripts to the state certification group 
but may involve only listing the students' names and the areas for which 
they are to be certified. While this allows the faculty within a given 
institution to design a program in teacher education that meets the 
needs of its student clientele, it also makes the institution, rather 
than the state, responsible for deciding if an individual should be 
recommended for certification. The brochure from one state (Maryland 
1975) contains the information that Sciato stand.irds arc minimal and 
that 1 oca I systems may establish higher standards for certification. 

5S 
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Reciprocity apparently became an issue when the American population 
became a more mobile one. Some states, such as Arizona, do not extend 
reciprocity to teachers with out-of-state certification. Instead, 
Arizona (1976) requires that both elementary and secondary teachers have 
a course in reading and practicum and that they be able to pass an 
examination on the .United States and Arizona constitutions. Other state 
certification brochures (e,g, Kentucky, Wisconsin, Idaho) specify that 
reciprocity will be extended to graduates of teacher education programs 
approved by the National Council for Accreditatio^i oL Teacher Education 
(NCATE) or of those institutions participating in the Int^irstate Certifi- 
cation Project, 

Because NCATE is a national voluntary accrediting agency for the 
accreditation of teacher education institutions, not all programs are 
submitted to this approval process. A brochure from Virginia (1976) 
identified approval as being NCATE, regional, or "other." 

Vmen materials are surveyed relative to the science preparation 
of prospective elementary teachers, the fact that the last several decades 
have seen science curriculum improvement projects developed for th^e ele- 
mentary schools as well as for high school science has had little 
apparent impact on certification standards. The content requirements 
appear to be little changed over the years. The emphasis on teaching 
reading and communication skills remains a strong one. Some states 
(Arizona, 1976; Kansas, 1975; Kentucky, 1976; Maryland, 1975) specifically 
state that a certain number of science courses or hours of science must 
be a part of the preservice teacher's undergraduate program. For other 
states, such as Indiana (1969), science is listed as a part of the 
general education component of the student's undergraduate program. 



Science courses taken to fulfill a general education requirement 
are likely to be of the survey type or a relatively basic introduction to 
a particular branch of science. These courses are not likely to contain 
an emphasis on science process skills stressed in some of the elementary 
science course improvement projects/ It is assumed that exposure to science 
processes and the inquiry approach to teaching science will result if the 
student enrolls in a science methods course* Not all state brochures 
identified a science methods course as a required part of the professional 
education component of a baccalaureate teacher education program. 

An educational bulletin from the Kentucky Department of Education (1957) 
was focused on an effort to improve science teaching in the classrooms 
and science preparation of teachers. The Superintendent of Public 
Instruction proudly reported, in December, 1957, that Kentucky had 
received the first grant in the nation made to a state department of 
education from the National Science Foundation and the first grant for 
eleniept^^ry teachers. This grant funded five regional conferences (two 
days long) at which persons from teacher preparation institutions and 
local school systems met to plan a continuing program of science teaching 
improvement. Nevertheless, Kentucky certification standards (1976, p. 46), 
while requiring 12 hours of mathematics and science for elementary 
school teachers, place more emphasis on mathematics than on science. 

This lack of congruity between goals and practices may be explained 
by quoting from a position paper on Michigan science education (1975). 
The members of the Michigan Science iMucation RefcrcMit CommUtee, 
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composed of college science educators, curriculfim consultants and supervisors, 
inservice teachers and administrators, .explain that worthy goals are not 
implemented because (^J 

. . boards of education, school admivdstrators , teachers, and' 
iky persons find it extremely difficult, if not impossible, to 
conceptulize and appreciate the completeness of this set of goals, 
when all about them they hear the din of admonitions to improve 
reading and arithmetic scores only (1975, p. 2). 

Although science content requirements for elementary school teachers 
appear little changed over the years, a different situation exists for 
secondary science teacher preparation. After Sputnik, science content 
requirements, for most state certification programs, increased. This 
reversed a previous trend in which the number of credits for professional 
education courses frequently exceeded that of content hours required for 
teaching a subject (Stinnett, 1971, p. 25). The table, telow, provides \ 
data for 1970. TABLE 5 



BASIC REQUIREMENTS AMONG THE STATES IN 1970 FOR AUTHORIZATION 
TO TEACH THE SCIENCE FIELDS AND SUBJECTS , IN SEMESTER HOURS 



NO. OF STATES 

FIELD OR MEDIAN RANGE IN ''rtTH MINIMUM 

SUBJECT REQUIREMENTS REQUIREMENTS HOURS SPECIFIED* 



Science 30 15-54 34 

General Science 24 15-48 35 

Physical Science 24 8-42 25 

Biological Science 24 . 15-42 27 

Chemistry 30 12-36 41 

Physics - 24 10-42 41 

Biology 24 8-4^ 40 



*Tho rcimaiiiLag states specified majors or minors or approved 
curriculum. 

Source: T. M. Stinnett. A Manual on Certification Requirements for 
School Personnel in the United States (1970 Edition). National Conmission 
on Teacher Education and Professional Standards, National Education 
Association, Washington, D.C. : The Association. Adapted from TaDle 4, p. 54. 
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Certification requirements for secondary school science teachers vary 



from state to state and are difficult to compare since different institutions 
place different interpretations on the courses which students should 
take to meet the state standards in terms of credit hours. A committee in 
Wisconsin has expressed concern that that state's certification standards 
for secondary school science teachers do not adequately reflect changes 
that have taken place in the science curriculum. In a proposal to the 
State Superintendent's Advisory Committee for Teacher Education and Cer^tifi- 
cation (March 6, 1976) the committee suggested several changes in science 
certification. The establishment of l new certification category, broad 
field science, was advocated as was the elimination of the certification 
categories of science-all, general science, astronomy, physiology, and 
geology. 

Such a change would result in certification in broad field science, 

biology (life science), chemistry, earth scien<;;e, physics, and physical 

science. The committee provided a rationale for these changes, pointing 

out the fact that 

. . .substantial changes have taken place in the science 
curriculum of the junior and senior high schools. General 
science, as it was understood at tha£ time, has virtually 
disrppeared from the curriculum. In the contemporary 
junior high school a diversity of broad introductory courses 
in a specific area of science as well as courses drawing 
significantly from the several science disciplines may be . 
found. At the senior high school level the specific courses 
in biology, chemistry, earth science and physics continue, 
but here too a number of courses which do not fit neatly 
into these categories have become a regular part of the 
curriculum. . . •Furthermore, all of these programs inyolve 
a heavy emphasis on student involvement in science as an 
investigative process. Clearly the teachers of these science 
courses at the junior and senior hi^^school levels need a 
breadth and depth of preparation in science which is not 
reflected in the current certification standards (1976, p. 5). 
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The next section of this report contains an examination of some 
representative programs in science teacher education, in an attempt 
to identify the influence of guidelines statements and certification 
standards as these are translated into program descriptions. 

Preservice Teacher Education; Programs 

The documents analyzed relative to this section of the report may 
be classified relative to their source of publication. Many are 
articles published in professional journals. Others come from an AETS- 
ERIC publication entitled "In Search of Promising Practices in Science 
Teacher Education," (Roberts et £l. , 1973). Related program descriptions 
are found in another ERIC Publication, "Secondai^r School Science Teacher 
Education: Where Are We Going?" (Schaff and Voss, 1974). This document 
resulted from a joint National Association for Research in Science 
Teaching (NARST)-Association for the Education of Teachers in Science 
(AETS) panel presentation at the March, 1974, NARST meeting. Wliile the 
"Promising Practices" document reports on program descriptions presented 
within the constraints of a schema developed by a member of the AETS 
Publications Committee, the "Where Are Going?" document allows science 
educators from various institutions to speculate about future directions 
for their own programs and for science teacher education in general. 

Research related to the preparation of elementary teachers to teach 
science and to the preparation of secondary school science teachers wil] 
be discussed in a later section of this report. 

Based on the materials reviewed for this section, the following 
generalizations appear to hold true. 
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1. 



Modifications in existing programs provide for more 
attention to process skill development for elementary 
teachers. 



2. Changes reported in teacher education programs in 
science involve the inclusion of such topics as 
humanism* relating science to contemporary social 
problems and issues, extended field-based experiences, 
and involvement with inner-city students and other 
minority groups. 

3. The funding of nine model teacher education programs by USOE 
focused on elementary teacher education appears to have 

~ had little impact on science teacher* education other 
than at the institutions housing these programs. 

4. Some institutions are involved in competency or per- 
formance based teacher education programs. This has 
occurred either because personnel at an institution 

I are anticipating a change toward this approach or have 

j been mandated to make the change. 

5. Additional program development and modification activities 
took place in science teacher education because funds 
were available through the Undergraduate Preservice 
Teacher Education Program (UPSTEP) project of the 
National Science Foundation. 

6. Programs designed to prepare teachers to work with 
junior high or middle school pupils are few in number. 

The writers of Chapter 14 in the fifty-ninth yearbook cf the 
National Society for the Study of Education, Rethinking Science Education , 
(Henry, ed.,1960) were concerned that , elementary teachers should use 
science content to promote the optimum growth of the child (p*260). 
They urged that children be involved in investigatory experiences in the 
laboratory and in the field. They also emphasized that science courses 
for elementary teachers should stress such activities so that prospective 
teachers would be provided with desirable models in the hope that they 
would teach as they were taught (p. 261). They also advocated that 
prospective elementary teachers needed to have science content courses 
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beyond those recoinnended as a part of a general education program for 
all students (p. 262). Some of the program descriptions published in 
In Search of Promising Practices in Science Teacher Education 
(Roberts et al., 1973) provide evidence that these concerns have been 
translated into program elements. 

Those science educators who work with prospective elementary teaciisrs 
are still concernS^ with the task of preparing teachers to use ujodern 
science curricula effectively. The usual technique used in college science 
classes is that of lecture and laboratory (usually for verification, 
seldom for discovery) which does not provide the necessary cognitive and 
affective skill development elementary teachers need (Kuhn, 1973). One 
solution to this problem may lie in the approach used at Purdue (Nordland 
and BeVito, 1974). In this program, faculty members work with the same 
Students for six semesters (three years). Continuity is also provided 
by a central theme: Man and His Environment, as related to Survival 
in the Face of Change and by the pervasive questions: How do I know? 
Why do I believe? What is the evidence? 

Prospective elementary teachers rnroll in the science methods course 
first and then take 'science courses (two biology courses, a combined two- 
semester physics/chemistry course, and an applied outdoor environmental 
studies course). Ideas are emphasized first and then vocabulary. Because 
students are allowed time to solve problems as they learn science, . course 
content is reduced by 90 percent (Nordland and DeVito, p. 386). 

An additional idea for improving elementary teacher preparation in 
science is that of having two separate science methods courses; one aimed 
at primary grades and another for intermediate grades (DeVito and Krockover 
1974). Results of some iniormal research completed by the authors of this 
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proposal provide evidence that elementary teacher candidates express a 
definite preference ^for a particular grade level. Even if they do not 
student teach at this grade level, they usually manage to get a teaching 
position which is at the grade level they prefer. If they are not 
successful in obtaining the grade 'preferred, their placement is usually 
only one s^ade level different and seldom varies by more than three grades. 
Because such a preference exists and persists, the primary grades methods 
course could stress the process skills of observing, classifying, measuring, 
and Inferring. The intermediate grades methods could emphasize controlling 
experimental variables, formulating hypotheses, interpreting data, and 
formulating models. If student numbers are not sufficiently large to 
merit two separate elementary methods courses, the conventional course 
could be subdivided by individualizing instruction. 

Although this is an interesting idea to consider, the primary 
grades process skills appear to be basic to the development of the skills 
emphasized at the intermediate grade levels. Children progressing through 
a process-centered approach to elementary science should possess these 

basic skills. However, it would seem that their teachers should also 

> 

have had experiences in use of the basic process skills in order to be 
able to correctly design activities focused on development of the more 
complex process skills. 

While science educators working with elemefitary teachers are concerned 
about promoting a process oriented, hands-on approach to science, those 
science educators who work in secondary teacher preparation programs appear 
to be equally concerned about translating science content into student- 
centered activities (Roberts et al,1973). However, they are also concerned 




with providing more field-based experiences for prospective teachers and for 
acquainting these individuals with a variety of student groups. Preparing 
science teachers to work in inner-city settings appears to be a ccnanon 
concera in many secondary education programs (Roberts et al.,1973; Tuimer 
et al,,1974; Massey and Eschenbacher, 19/2). The program which Tnrner 
and his colleagues describe emphasizes the selection process for the 
candidates. This differs from the more customary approach to the selection 
process, that of allowing students to participate in a variety of activities 
with inner-city students and, through these experiences, to decide if 
they want to work In an inner-city school as an inservice teacher (Massey and 
Eschenbacher; Howe in Roberts et al. ,1973, pp. 186-193) . 

In 196/ the U. S. Office of Education issued a call for proposals 
involving the development of comprehensive undergraduate and inservice . 
teacher education programs for elementary teachers. "Elementary" was 
defined to Include the range from preschool through grade eight. Nine 
of the proposals received were funded. The institutions which were 
involved were Florida State University, Michigan State University, 
Syracuse University, Teachers College - Columbia University, The University 
of Georgia, The University of Toledo, University of Pittsburgh, University 
of Massachusetts, and the Northwest Regional Educational Laboratory. 
A search and review of the science education literature related to 
program descriptions did not reveal any noticeable impact of these model 
programs on elementary sci^ence teacher education. 

In a publication which describes science courses for elementary t^ducation 
majors at the University of Georgia, one of the model program institutions, 
the editors attribute the start of competency-based teacher education to 
the nine model programs although they conclude ". . .the earliest forces 




energizing the competency-based teacher education movement are obscure 
in educational history" (Capie and Markle, 1974, p, I), The concern for 
competency-based or performance-based teacher education CBTE/PBTE) ia evident 
in some science education literature (Schaff and Voss, 1974; Berger and Roderick, 
1975; Roberts et al*, 1973, Strassenberg and Paidy, 1974) as well as in general 
teacher education literature (Aquino, 1976; Houston, 1974; Schmieder, 1974). 
These citations are representative of the types of materials concerned with 
CBTE and its related promises and problems. 

Advocates of CBTE/PBTE appear to think that programs will lefit because 
preservice teachers will be placed in classrooms to demonstrate their skills 
rather than remaining on campus, student progress will be controlled by 
the student himself rather than by the number of courses completed, competency 
specification will guide both students and teacher educators. However, 
Berger and Roderick (1975) discovered, when they attempted to identify 
competencies for teaching elementary school science that inservice and 
teacher educators were not in agreement in their ratiligs, both of the 
competencies themselves and of the time in a prospective teacher's career 
when the competencies should be demonstrated: _ 

Strassenberg and Paldy (1974, p. 46) point out that college science 
teachers who are interested in teacher preparation are concerned that the 
development of CBTE/PBTE programs will mean that non-education faculty members, 
and their disciplines, will have little influence on the teacher certification 
process. 

Bruce Joyce, in a publication compiled by Schmieder (1974), identifies 
another potential problem related to CBTE. Joyce states that the production 
of high-quality software is necest . -y. If this software is not available, 
then competency-based certification standards will be created without the 
capacity, to assess adequately or to remedy a deficiency once it is found. 
Joyce explains that this happens now, when the accoun£ability movement 



ERIC 



o . ' 68 



- pressures teacher^ to show pupil achievement gains but pMcise training is 
not provided so that teachers can increase their capacity to produce achieve- 
inent gai'hs (Joyce, in Schmieder, 1974, p. 191). ^ 

The National. Science Foundation has made funds available for teacher 
education program development and/or redesign through the Undergraduate 
Pre-Service Teacher Education Program (UPSTEP) ; The program, announced 
in 1969, has received over 200 proposals and has supported 28^projects 
(McGuire in DeVito, p. 2). Reports of UPS.TEP activities at the University 
of Iowa (Lunetta, 1975) and at Purdue (BeVito, no date) provide examples of 
changes that have resulted in science education programs. The^'Iowa program 
has been redesigned so that, while maintaining the distribution of 32 semester 
hours of general education,, 54 semester hours of science, and 26 semester 
hours of education, education experiences begin in the freshman year snd 
continue throughout the four year program. Because of the continued education 
activities, there is less intensive student teaching experience during the 
senior year* However, the Iowa, staff believes that the quality of this student 
teaching Experience is increased by the prior activities in which the students 
participated. 

The Purdue UPSTEP program (DeVito, no date) began in the fall of 1972- 
This program emphasizes a six-semester integrated science-methodology course 
combined with early and continued elemencary school teaching experience* 
Prospective elementary teachers are involved in experiences consistent with 
the nature of scientific inquiry (DeVito, no date, pp. 7-8)* Evaluation 
data from the program support the hypothesis that the integrated inquiry 
approncb to science promotes greater understanding of the assumptions, activi- 
ties, objectives and products of science than does the traditional approach 




at Purdue (DeVito, no date, p. 21). Rtjults of Piagetian-style tasks, admin- 
istered to the UPSTEP students and to a control group, suggest that curricular 

( 

materials for whi^ch students use concrete materials and problems can promote 

\ 

the development of* formal thinking abilities (DeVito, no date, p. 26). 

Although several states (Indiana, Maryland, Wisconsin for example) do 
have certification standards for junior high school or middle school teachers 
(based on materials received), the science education literature does not Indicate 
that colleges and universities have programs specifically designed to prepare 
science teachers to work with junior high or middle school pupils. A small 
survey conducted by Mechling (1975) provides information descriptive of this 
problem. He surveyed 80 junior high school science teachers in weste^:^ 
Pennsylvania and found that only four percent indicated they had prepared 
to teach at this level (Mechling, 1975, p. 395). During a 10 year period 
(1960-61 to 1970-71), one-fifth of the science teachers in Pennsylvania 
teacher education programs were certified in general science but almost 
twice as many pupils take junior high school science (usually general science) 
than are enrolled in all of the specialized science courses in senior high 
school. 

Mechling believes that prc^paration of teachers for junior high/middle 
school science teaching has been ignored because of the fallacy of believing 
that anybody can teach science at either level (junior ^hlgh, senior high)- 
There is a lack of support for junior high school teacher education from 
professional science education organizacions. It would seem that state 
departments of education will have to support and encourage colleges to 
develop such programs by setting certification standards for junior high 
school science teacher certification. 
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One document that is an attempt to sumnarize the then-situation in science 
teacher education programs is The Research on Science Education Survey 
(Newton and Watson, 1968), often referred to as the ROSES report. Data 
were collected by questionnaires mailed to 992 institutions, to be completed 
by instructors of science methods courses. In addition 37 colleges and 
universities were visited in a non-random sampling procedure so that information 
from various sizes and types of schools in different geographical locations 
"could be obtained. 

The investigators concluded that course requirements varied considerably 
among institutions. Student teaching experiences also varied, with the 
most common plan being full-time teaching for less than a full semester. 
They cited 'what they termed three "obvious trends" in science education in 
1968: (1) a diversity of programs in science education, (2) lack of basic, 
objective evidence for effectiveness of teacher education programs, and 
, isolation of science educators from their colleagues at other insti- 
tutions, which has implications for program development. 

Although these trends, and their implied criticisnis of science education, 
may have been valid for 1968, the situation does appear to have improved. 
Fands from UPSTEP, the development of the nine model elementary teacher 
education programs, the evidence from programs reported in the journals 
as well as in special publications (Roberts et al, 1973; Schaff and Voss, 1974) 
that science education programs are including more field-br.sed experiences 
for prospective teachers, and a special section on teacher education in the 
journal Science Education , all serv^ as evidence that, while more changes 
may be needed, the picture in 1977 is not so dismal as it was painted in 
1968. In addition, data from research conducted on science teacher education 
also provide hope for continued improvement. Such information will be 
discussed ±\\ the next section of this report. 
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Preservlce Teacher Education; Research 



Documents reviewed for this section of the report consisted of doctoral 
disserations, journal articles (usually describing dissertation research), 
reviews of research (both. yearly and on special topics), and additional ^ 
publications (primarily of the type involving research aimed at the 
evaluation of preservice programs). 

These generalizations appear to apply to the materials reviewed* 



1. Very few studies are of a scope that alTows for adequate 
generalizability to large problems in science education.. 

2. Many studies appear to lack a sound conceptual basis 
relative to the hypotheses tested or the questions answered. 
Many also' fail to deal with other categories of variables 
that might be related to the specific variables under 
investigation. 

3. While studies lack rigor, some show that novel training 
experiences do produce some changes in teacher perceptions 
of one kind or another* However, there is little indication 
if these changes are temporary or not. Nor is there any 
indication of whether actions in classrooms relate to 
particular sets of awuitudes or perceptions. Also, the 
components in the training programs chat might account for 
these changes are not identified. 

4. Studies of teacher attitudes and values do not always in- 
clude information about whether any correlations exist 
between the attitudes teachers hold and the way they teach. 

5. Research related to teaching skill development, classroom 
interaction (primarily of the verbal type), and the use 
of microteaching has increased during the past seven or 
more years. This increase may be due, in part, to the 
increased concern for competency-based teacher education. 

6. More research has been published relative to secondary 
science teacher preparation than to the preparation of 
elementary school teachers to teach science. 

7. The number of studios in tlie area of the the education, 
characteristics, and behaviors of teachers has increased 
significantly from 1972 through 1974. 
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8. When research published in 1974 is considered, studies 
seem to indicate that effective programs can he developed 
to teach science process skills to elementary teachers, 
that this training is likely to influence the way teachers 
conduct science lessons, that participation in designing 
and carrying out investigations of their own is likely to 
be the most important component of such programs, that 
knowledge of science content is not highly related to 

the development of process skills, and that teachers in 
activity-centered programs have more favorable attitudes 
relative to science, 

9. More research, which includes follow-up studies of 
graduates, needs to be done to determine the effective- 
ness of science teacher education programs. 

10. More research needs to be done if any theory of instruction 
relative to science teaching is to be developed, at 
either the elementary or the secondary school level. 



Much of the research on preservicc science teacher education, regard- 
less of whether it focused on the evaluation of program modifications or 
on an experimental treatment of some group of preservice students (with 
or without also looking at their pupils and/or their cooperating teachers), 
v/as done by doctoral students. Although this is not primarily intended to' 
serve as a value judgment, it does serve to emphasize the fact that, as 
doctoral research, the information which resulted relates only to the local 
situation and does not provide for generalizability . Anderson, who analyzed 
research in science education published during the 1971 year, attributes 
both the lack of generalizability and the low quality of irost of the research 
to the fact that many major professors are not actively doing research 
and therefore do not serve as models (Anderson, R.D., 1973, p. 5). 

Criticisms of the quality of research are to be found in most, if not 
all, of the reviews of research analyzed. Rowe and DeTure report that their 
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most prominent criticism of studies related to the education, characteristics, 
and behavior of teachers is that of the lack of a conceptual model (1975, 
p. 49). Herron and his colleagues emphasize the need for better and more 
detailed reporting of research studies of competency-based teacher education 
programs (1976, p. 45)* They also ^ay that researchers in science teacher 
education appear to be much better at designing programs to modify teacher 
behavior than they are at showing that this modified behavior results in 
more learning by pupils (1976, p. 43, 59). 

In a review focused on science teacher behavior, Evans (Balzer et al., 
1973, pp. 201-204) reported 21 conclusions which he based on a review of 
111 studies of science teaching as well as on studies in other content areas. 
While many of his conclusions were of the negative variety (no change, no 
significant differences), Evans did report that the use of microteachirg 
and other skill development aciiivitics did produce behavior changes although 
these were not always long-lasting or did not always transfer from the 
situation in which the skill development was practiced into classroom teach- 
ing experiences . 

Although tho systematic observation of classroom behavior in research 
on teaching can be found in the literature as early as 1914, in Horn's 
work at Teachers College ("Distribution of Opportunity for Participation 
Among Various Pupils in Classroom Recitation"), there has been an increase 
in science education research focusing on teacher behavior and classroom 
interaction beginning in the late 50 \s or early 60* s. Some of the increase 
may be due to the fact that, as science curriculum improvement project materials 
became more widely available, the use of such materials resulted in program 
modifications in science methods courses. Doctorr.l students could complete 
a dissertation project while helping their faculty evaluate the effectiveness 
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of these program modifications. NSF funds, for inservice teacher education 

(to be discussed in a later section of this report) and for UP3TEP projects, 

c 

also contributed to program changes which could be studied and analyzed. 
In addition, as concera for competency-based approaches to teacher education 
spread, it seemed logical to evaluate program changes and also students 
through the use of microteaching, simulation, classroom observation, and 
related research techniques. Such studies have produced mixed results. 
It would appear thit skill development is more lasting when preservice students 
have an opportunity to interact with pupils of the age they plan to ueach 
diring the skill development sessions thap when tl use peers as pupils 
(Balzer et al-,1973, Herron et al.,1976). 

When the numerous NARST-ERIC reviews of research are considered and , 
compared, these documents show that more research has been published that 
involves secondary science teacher education than that focused on preparing 
elementary teachers to teach science. l-Jhen the three most recent reviews 
in print are analyzed, the increase in studies relating to science teacher 
education is evident. The 1972 review contains the reports of 30 studies; 
the 1973 review, 60 studies; and the 1974 review, 87 studies. In earlier 
reviews, many of ^le research studies involved NSF programs for inservice 
teachers (a readily-available topic for a doctoral dissertation). 

The more recent reviews contain studies that, while unfortunately still 
of a local nature, examine teacher edcation relative to instructional methods 
as well as studies of teacher attitudes, characteristics, and behaviors. 
In discussing research related to the CBTE/PBTE emphasis, Herron and his 
co-authors speculate whether the lack of significant and positive results , 
is duo to the fact that the competencies being stressed and evaluated are not 
the right ones or whether teachers ignore thei"r training once they are in 
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their own classrooms. They also consider the possibility that the effect 
of the competency training is diluted by the complexities of the classroom 
to the point where no effects can be observed (Herron et al., 1976, p. 59). 

Nevertheless, the 1974 research review does contain some findings that 
are cause for optimism as indicated by the information contained in general- 
ization 8, earlier in this section. Process skill development for elemen- 
tary teachers is possible and changes do result that are in the directions 
desired by both the investigators and the program developers. 

However, there were very few studies which involved syst^ejoatic attempts 
to follow up the graduates of various teacher education programs. Several 
authors indicated a desire to do so but said that the scattering of these 
individuals made such investigations impossible or involved costs that 
prohibited the research. 

Smith and Anderson, in introducing the subsection titled "Studies of 
the Science Teacher" in the "Science'* Section of the Encyclopedia of Educa - 
tional Research (Harris, 1960, p. 1226), wrote "The proper training of a 
science teachoi for elementary, secondary, and junior-college levels is an 
unresolved and highly controversial issue." This statement is nv. doubt 
as tru^ today as it was when they were conducting their review in the late 
195^(^ 

However, lack of resolution to questions and presence of controversy 
should not deter researchers. Investigators, both of the doctoral student 
and more established varieties, need to pay attention to the criticisms 
voiced by the reviewers of research and improve their efforts. 
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INSERVICr SCIENCE TEACHER EDUCATION 



Documents reviewed relating to inservice education of science teachers 
do not lend themselves readily to a categorization which parallels that 
used for reviewing the preservice science teacher education literature. 
For example, professional organizations have not developed specific sets 
of guidelines for inservice education programs. This may be due in part 
to the fact that inservice education appears to mean different things to 
different people, with little agreement concerning its purposes. Perhaps 
there are no specific guidelines for inservice education that could be 
appropriate to every situation. The continuing education of experienced 
teachers may not be generalizable but may be specific to the local setting 
(Kite and Howey, 1977, p. 7). 



1. ''^service education may be inferred from certification standards 

ased on the criteria which must be met if a teacher is to 
v^xchange an initial certification credential to a more per- 
manent one. But this does not hold for all states. 

2. Several broad goals of inseirvice education are identifiable: 
skill training, acquisition of information', attitude change, 
general se If -improvement . 

3. Much inservice education was accomplished through programs 
funded by the National Science Foundation. 

4. In general, NSF institutes and programs have had a beneficial 
effeci: on the teacher participants. 

5. More work needs to be done to evaluate the effectiveness of 
inservice education efforts. 

6. Elementary school science teaching still appears to be 
handicapped by deficiencies both in course content and 

in teaching methodology, as well as by inadequate teaching 
conditions in the schools. 
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7. The science teaching profession, as exemplified by secondary 
school science teachers, appears to be better prepared (decrease 
in number of teachers without a college degree, large number of 
NSF institute participants), younger (25 percent of the science 
teachers sampled in the OSU study had been teaching four years or 
less), and relatively satisfied with the career chosen, 

8. When junior high school science teachers are considered as a 
separate subgroup of secondary school science teachers, these 
people (on the whole) lack depth in more than one area of 
Science, Yet many fill general science teaching assignments, 

9. Enrollments in general science-type science courses for junior * 
high school students are decreasing. Separate courses in life, 
earth, and physical sciences are being offered. Junior high 
school science teachers appear to have their depth in the 
biological sciences, 

10. There are few preparation programs specifically designed to 
equip teachers for working with junior high school or middle 
.school students. Such programs imply a science background 
different from that needed for senior high school science teaching, 
as well as different education courses, 

11. Junior high school science teachers are less satisfied with 

the science curricula available, considering them less relevant 
to their pupils than they could be. They also express dis- 
satisfaction with teaching conditions in terms of classroom 
facilities, equipment, and storage space, [Less-than-adequate 
teaching conditions were ^evident in Roger's study (1967) and in 
Lawrenz's study (1974),] 

12. Junior high school science teachers need special preparation if 
they are to help their pupils become aware of the variety of 
careers in science as well as helping to encourage scientific 
literacy. 
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Inservice Education: Certification 

Certification standards are related to inservice teacher education 
in that each state sets certain criteria to be met if a teacher is to 
exchange an initial teaching certificate for a more permanent one. 
Titles for such second-level or more perxnanent certificates vary from 
state to state. In some, these are referred to as professional certificates. 
In a few, they are called "life" or unlimited certificates. 

Not all states demand additional educational training in order to 
obtain a more permanent certificate, however. For example, it is possible 
for teachers in Kentucky and in Wisconsin to convert their initial certifi- 
cation status into a permanent one upon completion of three years of 
successful teaching experience. Apparently, success is based on being 
offered a teaching contract and an administrator's signature verifying 
that the application for permanent certification is valid. In other 
states (e.g., Arizona, Maryland), completion of 30 semester hours of 
course work beyond the bachelor's degree, as well as successful teaching 
experience, is required. Maryland Certification regulations indicate 
that certification personnel recognize that a teacher may need to do 
further course work at the undergraduate level. The Maryland specification 
requires only 15 of the 30 semester hours must carry graduate credit. 

Inservice Education: Programs, Practices 

Although professional organizations have net drav/n up guidelines or 
standards fo nservice education, the necessity for inservice programs 
is not denied. Preservice programs, no matter how field-based or competency - 
oriented, cannot educate a prospective teacher so thoroughly that the 
need to have additional opportunities for skill development is eliminated. 
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Some educators argue that inservice education needs to begin with 

a new teacher's first days on the job. If any type of inservice activity 

does occur at this time, it is usually that of orientation to a particular 

school system, building, and department or grade level. A paper by Howey 

(Kite and Howey, 1977) contains a quotation by Robert Leight that neatly 

describes the need for early inservice efforts. Although Leight 's comments 

were made relative to CBTE programs, they apply to non-CBTE programs as 

well. Leight contends that (CBTE) programs ignore the differences 

between entry-level proficiency and mastery- level proficiency. He says 

. . .Tlie failure to make this distinction and to assist the 
teacher to become a master teacher is the most important confusion 
and shortcoming of teacher education. Teacher educators have 
brought the candidate to the point where he can enter the classroom 
with some competence, but the profession pretends that he is an 
accomplished teacher. Thus he receives the same assignment -^nd 
treatment as veteran teachers. The result is that the first year 
of teaching is the greatest scandal in American education. - . . 
(Leight in Kite and Howey, p. 39) 

Cenerally, inservice education activities tend to ignore problems of 

beginning teachers and concentrate on helping teachers (1) improve 

or up-date content knowledge, (2) deal with the proliferation of educational 

hardware, (3) become more aware of information relative to learning and 

instructional theory, (4) function c^dequately in relation to new educational 

tasks, such as mains treaming, (5) develop some global awareness, and 

(6) develop interpersonal, humanistic teaching skills. 

A survey of the literature in science education, while providing 

evidence that science educators are aware of the need for inservice 

activities, is not filled with descriptions of specific programs although 

some arc r(»port'*d in the Promising Practices document (Roberts ct al , 1973). 

Additional reports arc found In Journal articles. Many of these, like 
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doctoral research, are so local in nature that generalization is not 
possible* Two Occasional Papers were published in 1969, by the ERIC 
Information Analysis Center for Science, Mathematics and Environmental 
Education. One of these papers dealt with inservice education for teachers 



of secondary school science while the other contained reports about inservice 



1969b). The publication concerned with elementary teachers contained 
91 references while the paper about secondary teachers listed 120 references. 
Not all of the citations, in either paper, related to inservice activities 
in science; some were references to literature about inservice education 
in general* 

In summarizing tlie 40 studies and reports related to inservice education 
in science for elementary school teachers, Blosser (1969a, p. 33) identifies 
four broad goals: (1) skill training, (2) acquisition of informa- 
tion, (3) attitude change, and (4) general self-improvement. The 
goals of attitude change and of acquisition of information have 
received the most attention with few documents reporting programs aimed 
at developing skills (p. 34). Many of the programs reviewed appeared ' 
to lack a research base for the plan of action followed (p. 35). 

Materiaii* reviewed for the secondary school level occasional paper 
weie classified into four categories: National Science Foundation 
institute programs, locally developed programs, cooperative college- 
school programs, and research and/or evaluative studies (Blosser 
1969b, p. 28). Blosser considers that more atten",ion needs to 
be paid to providing inservicb activities specifically designed for 
beginning teachers so that they do not feel isolated^ She speculates 
that, **If isolation sets the context for the orientation of the beginning 



education in science for elementary school teachers (Blosser^ 1969a, 




teacher, then it is not difficult to understand why many teachers might 
equate innovation and change with threats their security and established 
routines/' (1969b, >»29) Altjiough literature exists about the resistance 
to new ideas and change that exists amon> school personnel, few science 
education studies were concerned with this problem (p. 30). 

Another concern is the lack of a research base for the plan of 
i^cLluii involved -In many local programs. This lack may result in a 
^ogram or plan that is not really appropriate because it may 
treat the symptoms without ever identifying, and dealing with, the 
cause (1969b, p. 30). Additiorjal criticisms or comments related to 
research studies of inservice education will be. discussed in a later section 
of this report. 

Inr arvice Education: Programs and Practices in the Form of NSF Institutes > 
Although many studies have been carried out to determine the effectiveness 
of inservice teacher education as exemplified by National Science Foundation 
programs, individual studies will not be discussed here* The reader 
is referred to a paper by Helgeson, entitled "Impact of the National 
Science Foundation Teacher Institute Program" (1974). The bibliography 
for r.his paper, recently updated, contains over 230 entries. Documents 
reviewed included dissertations and theses, journal articles, reports, 
papers presented at meetings of professional organizations , and books. 

Helgeson reports that much of the mateifial is of a der^criptive 
nature and deals with characteristics of the institute participants, their 
attitudes, various aspects of the programs, changes in reaching behavior 
percpived by students of teachem who had participated In institur.es or 
by administrators as well as teachers* self-reports (1974,^.7). 
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• . In the summary sectl9n of his paper, Helgeson reports, among\other 

\ 

things, that 

\ 

1. institute participants were generally better qualified than \, 
were nonapplicants * ' v 

2. participants were teacheTs with heayier science, teaching loads \ 
and who were active in professional and leadership roles and 
likely to remain in teaching 

3. participation in institutes resulted in increasfng teachers' 
content backgrounds 

4*. changes which occured in teacher behavior tended to be in the 
^ direction desired by the institute developers (1974, pp. 40-43) 

He concludes that . . while there are areas where data were scant and 
where results were not definitive, the National Science Foundation Teacher 
Institute Program appears In general to have been successful in 'making 
a significant, positive impact on science education/' (1974. p. 43) 

An interesting companion document to HeJ.gcson's paper is An Investment 
in Knowledge by Krieghbaum and Rawson (1969). Their book coptains a dis- 
cussion of the first dozen years of the National Science Foundation's 
involvement in injervice education activities. An additional document 
that provides a different view of the situation is "The National Science 
Foundation and Pre-CollGge Science Education: 1950-1975" (1976). This 
is a report prepared for the Subcommittee on Science, Research, and Technology 
of the Committee on Science and Technology, U. S, House of Representatives, 
issued by the Science Policy Research Division of the Congressional 

« 

Research Service, Library of Congress. 

This report was designed to ^describe and analyze (1) the reasons for 
NSF ijivolvement in pre-college level education, particularly apart from 
re.search, (2) events and issues affecting the growth of the NSF pre-collegc 
programs, (3) accomnlishnents , ''nd (4) evolution p£ the structure of the 
pro-college programs to date (1976, p.3). Information on* which the report 
is based came from a ^review of hearings testimony, NSF publications, and 
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additional nuterial from public documents* Although critical of some 
NSF and NSF- related actions, the authors of this report state . .the 
contributions ^of NSF were impressive in overcoming deficiencies in science 
education in the post-Sputnik era. . ♦ (1976, p. 3). 



Inservlce Education: Research 

Many of the documents categorized as research studies of inservice 
education for science teachers are doctoral dissertations • This is not an 
unexpected finding. Criticisms of dissertation studies, reported in the 
section of this report dealing with research on preservice education, hold 
true for those doctoral studies focused on inservice education: localized 
rather than genaralizable , containing weaknesses in design or sampling 
techniques, etc. ^ Reports of research about inservice programs were often 
lacking in sufficient detail to ensure accurate replication, if ♦:his should 
be desired. 

In discussing the evaluation of inservice programs, Blosser (1969b, 
p. 20) identifies several possible inferences: (1) a fcrtnally designed 
evaluative component is not built into all inservice programs, regardless 
of whether the inservice activities exist by themselves or relative to 
a curriculum project, (2) materials available at that time (1969) 
indicate evaluation was in progress, to be reported at a later date, 
or (3) evaluative data exist but not for public scrutiny. 

A more recent comment on the need for evaluation is in the form of a 
journal articZ 3 by Welch Q976). Entitled "Evaluating the Impact of 
National Curriculum Projects," the article emphasizes the need for the 
systematic study of success in achieving the general goals ^ of the improve- 
ment of ed'»cation for careers in science and the development of scientific 
literacy (1976, p. 478). Although those goals appear to be aimed at 
students, teachers need to be educated to structure lessons and activities 
that promote the developr'^"!* of such goals, so teacher education (preservice, 
insetvice) is implied, Welch reports that no careful study of the 
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influence of NSF curriculum projects on teacher education has been made 
(1976, p. 481). There is need also to study the influence of NSF material 
on teachers and teaching. 

Ins ervice Education; . Research on Sci ence Teachers' Behaviors , 

r ' " 

Characteristics . Although Welch indicates, in his article, that there is 
a need to study the influence of NSF materials on teachers and teaching, 
some studies have been reported, not only in journal articles and reports 
tut also in the document entitled A Review of Research on Teacher Behavior 
(Balzer, et al . , 1973). Evans, one of the three authors of this leview, 
analyzed 111 documents about science teacher behavior (50 related to 
inservice teachers) and included findings related to inservice education 
air.ong his summary stc . ^rents (1973, pp. 202-203). 

Evans reported that the influence of inservice programs involving use 
of one of the science curriculum improvement projects resulted in incon- 
sistent finding.' : the secondary school level. However, at the elementary 
school level, there generally was an increase in stvdrnt activity accom- 
panied by an increase in teacher procedural statements (1973, p. 202). 

3oth the 1970 and 19 74 NARST-ERIC Reviews of Research contain positive 
findings relative to educating teachers to use curriculum project materials. 
Trowbridge, et al. concluded that training sessions with sperific project 
materials were necessary to achieve the desired objectives (1972, p. 20). 
Similar findings resul .ed with respect to the use of inquiry teaching 
methods: teachers who had gained specific training through the use of 
materials, audio-visual techniques, and ^nservice programs snowed signifi- 
cant changes toward Inquiry Leaching methods ('972, p. 26). Herron, et ai. 
in discussing studies on the education, characteristics a.id behaviois of 
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teachers, state that these studies seem to indicate that effective programs 
can be developed that influence the way teachers conduct science lessons 
(1976, p- 42). 

Although soma of the investigations report positive findings about the 
effectiveness of inservice education activities, there still the neces- 
sity to link preservice and inservice activities so that the transition 
frora student to teacher is less anxiety-laden and to promote continuous 
assessment • However, inservice education, other than that promoted through 
NSF programs, does not appear to have been a major concern of science 
educator^ and researchers. 

Butts and Raun, in a study designed to determine what factors contribute 
most to teacher attitude change ^.n an inservice program, studied 60 inservice 
teachers who were learning to use Science: A Process Approach (SATA) 
materials (19b7). They identified as predictor variables previous course 
hours in science, years of teaching experience, grade level taught, and 
the school. They found that years of teaching experience and the school 
did not appear related to attitude change. Those teachers with few, or no, 
previous courses in science valued their inservice experiences more than 
those ^ho had some science background. If lack of a science content back- 
ground makes elementary school teachers amenable to inservice efforts, 
there is a large population available as indicated by surveys and status 
studies discussed in the next .section of this paper. 

Inservjwe Education: Research via Status Studies or Surveys . Some 
of these documents are produced on a regular basis, such as the five year 
census work of the Research Division of the National Kducaticn Association 
(1971; Grayueai, 1974, 1976). Other reports are issued from time to time, 
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but not on a regular schedule (Blackwood, 1965a, 196ib; Rogers, 1967; Oboum 
and Brown, 1963; Mills, 1963) • Still others are published in the foi of 
journal articles (Lawrenz, 1974; Stronck, 1974; Mason and Craven, no date) • 
A cluster originates from a national survey conducted at The Ohio State 
University. The original research was accomplished through a series of 
doctoral investigations (Chin, 1971; Maben, 1971; Nelson, 1973 ; Baker, 
1973; Buckeridge, 1973; Webb, 1972). The findings from these research 
projects ate presented in a four volume final report, of which voJumes 1, 
2 and 4 are presently available (Schiessinger , et al. , 1973; White et al., 
1974; Steiner et al., 1974). 

Data obtained by Obourri and Brcwn (1963) provide a picture of the 
status of science and mathematics .eachers (anu teaching) in the United 
S^ates in 1961. Using a questionnaire, these investigators attempted to 
determine the total num*:>er of science and mathematics teachers as well as 
their distribution according to teaching load of periods per day, by geo- 
graphicdl region, and size and type of school. They identified 103,666 
teachers engaged in teaching one or more periods of science (1963, p. 3). 
School size appeared to be a factor in determining the teaching load, rfith 
22 5 percent of the science teachers having only two or three pferiods of 
science a day (1963, p. 6). In addition, ^5 percent had only one science 
class a day and were probably teaching outside their major certification 
area. Obourn and Brown considaied that these people were probaoiy teaching 
a ninfh or tenth grade science class. This class was probably the first 
laboratory course in science for their pupils, offered at a time when .lie 
pupils u^re establishing interests in careers (1963, p. 8). If these 
teachers, or a Large proportion of tiiem, ' ere teaching outside their area 
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of major interest and coinpetence, they could no doubt benefit from 
inservice education in science. 

Another survey of science and mathematics teachers, also completed 
during 1960-61, was an autemp*^ to obtain information about educational and 
professional backgrounds and of the "operational miliau" of science and 
mathematics tea^^hers in grades 7 through 12 (Mills, 1963). Uj:iing the 
National Registiy compiled by the National Science Teachers Association 
(NSTA), a study group representing the National Association of State 
Directors of Teacher Education and Certification (NA3DTEC) and the American 
Association for the Advancement in Science (AAAS) sent questionnaires to a 
stratified random sample (3,957). They received 3,012 usable questionnaires 
within the time allotted for response. This NASDTEC-AAAS study was com- 
pleted for the National Science Foundation. 

Some of the non respondents were contacted by telephone. Information 
from these calls appeared to Indicate that nonre spon^ents were likely to have 
less college preparation, leas likely to br.ve a master's degree, less 
likely to have attended NFF institutes, and taught ^ewer classes of science 
or mathematics (Mills, 1963, p. 1). 

Ninety percekit of th^ teachers sampled were working in public schools. 
There were more inen than women science teachers. Over 75 percent oi ti\e 
respondents had 10 or more hours of graduate work. However, the largest 
percentage of teachers with little or no college prepaifatlon (undergraduate 
or post-graduate) in the subjects they were teaching were those whose 
assignment v:as either general science or mathematics for grades seven aiid 
eight. The general science teachers had the largest number of credits for 
biology. Nevertheless, one-third had less than nine hours in biology. 
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Many general science teachers also had less than nin,e hours in chemistry. 
Overall, 57 percent of the general science classes were taught by teachers 
with xess than 9 hours in chemistry, 21 percent by teachers with less than 
9 hours in chemistry and in biology (Mills, 1963, pp. 8-9). This study also 
provided data showing that the longer a teacher had been out of undergraduate 
school, the less likely this person was to takri any additional work in his 
subject (Miais, 1963, p. 10).- 

The AAAS Guidelines, discussed in an earlier section of this part of 
the report, advocated that a teacher working in two sciences should have 
at least 18 semester hours in each science. If this is considered minimal ^ 
preparation, then 21 percent of the biology classes, 34 percent of the 
chemistry classes, and 66 percent of nhe physics classes w^e tatight by. 
inadequately prepared teachers. Less than 40 percent had taken graduate 
work in the sciences they were teaching (Mills, 1963, pp. 10-11). 

Except in mathematics, the opportunity to specialize in a single 
subject was extremely limited. Data appeared to indiciite that teachers 
(60 percent) working in buildings with lees than 1,000 pupils had little 
chance to specialize (Mills, 1963, p. 11). Thirty percent of all science 
and mathematics classes were taught by people who spent some, or most, of 
their teaching day in other subjects (Mills, 1963, p. 7). 

Mills termed the population sampled "surprisingly young" (1963, p. 12) 
and concluded they would be around to influence pupils for some time to come- 
While many were well or fairly-well educated, the remainder were either 
those who have had little, if any, college preparation in the subjects they 
were teaching or had some preparation but not enough* Teachers with little, 
if any, preparation were probably misassigned. Those with some, but not 
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enough, preparation present a problem less easily resolved. They cannot 
go into regular graduate courses or, if they could, such courses may be 
too narrow or too specialized (Mills, 1963, p, 12), Tnis group couid 
benefit from appropriately designed inservice programs. 

The Oboum and Brown (1963) and NASDTEC-AAAS (Mills, 1963) stadies 
focused on secondary school teachers. Conditions in the elementary schools 
were also investigated, Paul Blackwood (1965a, 1965b) conducted a study 
to obt?.in information about procedures, policies, practices, and conditions 
affecting science teaching in the public elementary schools (196'^b), In 
brief, Blackwrjd found that (1) different philosophies of science teaching 
prevail, (2) economic resources, teacher preparation, etc, are related to 
the status of science teaching, and (3) when respondents were asked to 
rate 10 selected objectives for teaching science 97 percent considered 7 
of the 10 objectives very important or of some importance. The ranking 
of objectives for teaching elementary school science is shown in Table 6 
on the following page. Unfortunately, the objectives considered of 
least importance are those related to encouraging life long interests, 
li" not careers, in science, 

Blackwood reported that the number of schools teaching science to 
elementar/ pupils was increasing. The larger the school enrollment, the 
larger the percent of schools that teach science more than one-half a year 
(Blackwood, 1965b, pp, 170-180), 

Science consultant help was available in less than one-half of 
the schools. Science textbooks appeared to play a key role in determining 
what content was studied. In addition, textbooks were reported as bein^ 
used more often than any other teaching aid (Blackwood, 1965a, p,188). Large 
school systems were less dependent on a single textbook than were smaller 





Objectives o^Teaching Science R^ted by Public Elementary Schools According 
to Importance and Ranked According to Per Cent of Schools Believing Each 
Objective Very Important: Unite^d States, 

1961-62 



Very 
impor- 
tance 



Some 
impor- 
tance 



Little 
or no 
impor- 
tance 



Help children de- 
velop their curiosity 
and ask what, how, 
and why questions 



87.0 



12.0 



1.0 



Help children learu 
(how) to think criti- 
cally 



85.2 



1A.3 



5.0 



Teach knowledge 
about typical areas 
of science study such 
as weather, electric- 
ity, plant, animal 
life, and others 



84.3 



14.9 



0.8 



Help children learn 
concepts and ideas 
for interpreting their 
environment 



84.2 



15.5 



0.4 



Develop apprecia- 
tions for and atti- 
tudes about the en- 
vironment 



82.4 



17.1 



0.5 



Help children de- 
velop problem-solv- 
ing skills 



73.9 



24.2 



1.9 



Develop responsi- • 
bility for the proper 
use of science knowl- 
edge 'fon-^he better- 
ment of man 



69.3 



27.7 



3.0 



Prepare for high 
school science 



42.8 



45.2 



12.1 



Develop hobbies and 
leisuie-tlme activi- 
ties 



40.9 



50.4 



8.7 



10. Develop scientists 
(Blackwood, 1965b, d. 180) 



17.6 

85 



51.8 

92 



30.6 



systems. The smaller the school, the less adequate was the availability of 
equipment and supplies for teaching science. Equipment that was available 
was not one item per classrrom, not to mention one item per child. Probably 
most served for demonstrations. 

Blackwood identified 13 so-called barriers to science teaching and 
asked schools to rank these. The findings are shown in Table 7 on the 
next page. 

When many of these barriers are considered, some could be eliminated 
through a well-designed inservice program in science and others could become 
less important. However, administrators, teachers, and consultants need 
to identify what will work best for their situation. 

Hone (1970) speaks to some' of these barriers, calling ^hem "scarecrows." 
She lists three: inadequate teacher background in science, inadequate 
science equipment, and inadequate time and space for science. Hone considers 
these to be limitations in attitudes rather than in reality. She counters 
"inadequate science background" by saying that teachers do not have to tell 
children, they need to let children learn. She suggests that teachers can 
increase their science background by reading good eleT\.ent?ry science text- 
books and children's science books (1970, p. 322), In addition, teachers 
can read textbooks above and below the grade level they are teaching. Also, 
they should stress science based on investigation rather than on telling or 
reading. 

Hone advises teachers to use everyday equipment and materials for 
science so tliat unfamiliar laboratory equipment does not distract the 
children. If such equipment must be used, its name and function should 
be provided several days prior to the science activity and the equipment 
allowed to remain in view until the novelty wears off* ^ 
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TABLE 7 



Barriers to Effective Science Teaching in Public Elementary Schools Ranked for All Schf ^s, for School Enrollment 
Groups, and for Administrative Unit Enrollment Groups on Their Mean Degree of Difficulty: Unites States, 

1961-62 [ 

School enrollment groups Administrative unit enrollments 

800 400 50 49 25,000 6,000 3,000 600 599 



Barriers to effective 
science teaching 


Total 
schools 


and 
over 


Oo 

799 


to 
399 


and 
under 


and 
over 


to 

24,999 


to 
5,999 


to 
2,999 


and 
under 


Lack of consultant service 


1 


4 ' 


3 


1 


2 


4 


2 


1 


2 


3 


Lack of su^^i^^es 

y 


2 


7 


5 


2 


1 


6 


6 


3 


3 


2 


Inadequate room facilities 


3 


1 


1 


13 


8 


1 


1 


13 


1 


1 


Insufficient funds 


4 


6 


6 


3 


3 


5 


3 


2 


4 


4 


Do not have knowledge 


5 


2 


2 


4 


7 


2 


13 


4 


5 


8 


Lack inservice opportunities 


6 


10 


8 


7 


5 


10 


8 


6 


\8 


6 


Inability to improvise 


7 


5 


•7 


b 


10 


7 


7 


7 


9 


7 


Do not know methods 


8 


3 


4 


5 


9 


3 


4 


5 


6 


10 


Not enough tine 


9 


8 


10 


8 




8 


9 


8 


7 


5 


Lack of community support 


10 


12 


11 


9 


6 


11 


11 


9 


11 


9 


Teachers lack interest 


11 


9 


9 


10 


13 


9 


10 


10 


10 


11 


What to teach not determined 


12 


13 


12 


11 


12 


13 


5 


il 


12 


12 


Other areas more important 


13 


11 


13 


12 


11 


12 


12 


12 


13 


13 



(Blackwood, 1965b, p. 195) 
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Hone does admit., that teachers sometimes have to struggle ^to £lnd 

space for science materials but maintains that this can be done. In terms 

of time for science, several variations can be tried: a structured approach, 

« 

based on the textbook, science integrated with other curriculum areas , ■ 
and individual or group projects and reports based on childnn's special 
interests . 

In 1963 another Office of Education study was conducted* This one 
looked at science teaching in the public junior high schools (Rogers, 1967). 
The questionnaire study was begun in Spring, 1963, with informal visits 
taking place throuph 1965. Rogers said that these visits indicated that 
practices had changed little, if any, since the data were collected. 

Rogers found that all schools offered science courses at some grade 
level but not at all grade levels. General science was the most common course 
(95 percent of the schools), followed by life science-b:^,ology . In schools 
which offered general science, 80 percent offered graduation credit for it 
at some grade level (Rogers, 1967, p. 27). 

Teachers with science assignments made up 13 percent of the instructional 
staff in the junior high schools (grades 7, 8, and 9). However, relatively 
few had full-time science assignments. One-third of the teachers spent 10 
hours or less in scjrnce teaching. The science teachers most commonly 
taught in a combination classroom-laboratory although one-fourth did not 
ha\e any laborat. ry facilities. Forty percent of the largest schools used 
non-science rooms for science instruction. Most schools provided water, 
gas, and electricity for teacher demonstrations. Over 80 percent of the 
schools used NDEA funds to purchase science equipment. Virtually all 
schools used textbooks. Those bookr with the most recent pubMcatiou dates 
were earth science books. General science te^'tbooks were from two to four 
years old, but some were in use more than 14 years after the publication date. 




Two-thirds of the schools had some type of Inservice activity, with 
inservice activities occurring most frequently in larger schools. Teachers 
from two-thirds of the schools sampled had p'rticipated in an NSF institute. 
The smallest percentage of participants came from the largest schools. 

Rogers suggested that, if- science teaching in junior high schools 
is to improve, several things must happen. (1) Science teachers need tg> be 
assigned full time to their discipline. (2) Schools need to decide if they 
wish to continue broad, generalized science instruction in the fcrm of 
general science courses or if curriculum revision needs to take place. (3) 
Class size and lack of equipment prevent the use of the laboratory in 
science classes. Changing both of these conditions requires expenditure 
of funds. (4) Related to the question of budgets, schools need to allocate 
more money for science equipment and supplies and increase flexibility in 
purchasing practices. (Less than one-fourth of the science teachers were 
^permitted to directly purchase any supplies.) (5) Science reference 
materials, in the classroom and school library , need to be up-dated and 
up-graded. (6) More recently-published textbooks need to be purchased. 
(7) Materials for use with audiovisual equipment need to be m'ade available to 
science teachers. (8) Ways of making science specialist or consultant 
help more available to small schools need to be identified and explored. ^ 
(Less than 60 percent of the schools have such help available.) (Rogers, 
1967, pp. 29-30) 

A series of studies about inservice teachers has been produced by the 
Research Division of the National Education Association (NEA) (1972; 
Graybeal 1974, 1976). The 1972 document is described as a quinquennial 
(every five years) census of the teaching profession, conducted to provide 
basic data on professional and personal characteristics of teachers, the 
current status of teaching conditions, home and family life, economic status, 
and teachers* civic and community activities. This publication provides 
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a status report for the years 1970-71 and indicates trends for the previous 
ten years (1961-1971). According to the information found in the Foreword, 
there has been a rapid expansion of the teaching profession during the 1960*s. 
Because of this expansion the profe'ssion is younger, more dynamic, and more 
professional* 

Althou^ the NEA survey was of teaching in general, science is discussed 
from time, to time in the report. Science is identified as one of the four 
most commonly taught subjects in secondary school. More men than women teach 
science (1972, p. 46). 

) 

In discussing teaching assignments, the NEA Research Division reports 
that -fewer people are teaching outs"* their major field of preparation 
in 1971 as compared to 1961. However, one in seven teachers is still 
seriously enough misassigned as to be teaching at least half-time outside 
the major certification field. Correction of misassignments has occurred 
primarily in medium and small systems (1972, p. 29). 

c 

Nondegree teachers have almost entirely disappeared from the profession, 
Men, in 1971, continue to have academic qualifications superior to women, but 
women have Unproved their credentials greatly in the past decade. Higher 
degrees are still less common in small school systems than in medium and large 
ones • 

Thirty-five percent of the teaching profession in 1971 was composed of 
people who had entered teaching within the previour? five year period, with 
1 teacher in 10 teaching for the first time in 1970-71. The collective 
experience of teachers has decreased from a m^^dian of 11 years to 8 yec.rs 
In the past decade (1972, pp. 11-23). . In 1970-71, 9.5 percent of the science 
teachers were less than 30 years old (1972, p. 123). 

When professional growth activities were considered, teachers had 
participated In workshops sponsored by their school system, taken courses 
l^n education, been involved in university extension courses, and/or worked 




on the curriculum committee or in some other committee assignment. Those 



who had enrolled in college courses had taken more courses in education than 
in their subject fields and had taken more courses during the school year 
than in the summer. A higher percentage of elementary teachers than secondary 
teachers had participated in system workshops. A higher percentage of 
elementary teachers reporced using educational television for professional 
growth (1972, p. 46). 

The 1974 and 1976 NEA reports focus on teacher supply and dem^ind 
and will be discussed in the next section of this report. 

The three volumes of the Ohio State survey which are in print 
(Schlessinger et al., 1973; wliite etal., 1974; Steiner et al., 1974) contain 
information of a national survey conducted to ''obtain data about practices, 
procedures, policies and conditions affecting science education in the public 
elementary and secondary schools during the 1970-71 school year. Volumes 
1 (Schlessinger) and 2 (White) contain secondary school information. 
Volume 3 will provide r'lescriptive data about elementary school science. 
Volume 4 (Steiner) provides results of correlation and multiple regression 
analyses of selected elementary school and teacher variables. 

When data about teacher variables are considered, over one-half of the 
teachers responding had a master's degree or better and were generally 
adecjuately prepared for their assignment. General science teachers had 
depth in biology or physical science. Relatively few had depth in more 
than one area. Most had very little formal course work in mathematics. 
Earth science teachers had the least preparation in their major teaching area. 
Biology teachers were well prepared in b^iological science content but had 
relatively little preparation in chemistry or physics and also little prep- 



aration in mathematics. The majority of chemistry teachers had reasonable 
preparation in chemistry. Some chemistry teachers had background courses in 
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, ^mathematics but a ''sizeable number** (Schiessinger, 1973, p. 148) had very 

/' 

little course work in .mathematics . The preparation for physics teachers 

/ 

was similar to that for chemistry teachers. The investigators stated that 
physical science teacher preparation was difficult to summarize. If the 
teacher was teaching physical science in the jui;iior high school, he or 
she usually had minimal preparation in physical science courses. Most 
physical science teachers had relatively little course work in mathematics 
unless they were also teaching physics or ch^emistry. 

Over half of the teachers in the sample had attended NSF institutes: 
9 percent had attended academic year institutes (AYI), over 50 percent had 
Attended summer institutes (SI), and many had been^involved in both AYI 
and SI activities or cooperative college-secondary school programs (CCSSP) 
or research programs. Those who had attended institutes were more likely 
to be using curriculum materials developed with NSF support. In addition 
they were also using laboraLory activities and stressing pupil-centered 
/activities (Schiessinger, 1973, p.;i49). 

The average length of teaching experience reported was lO-ll years 
but at least 25 percent of the science teachers in the stuc^y had been teaching 
for A/^ears or less. Very few secondary school sciencie' teacher^ rep^)rted. 
hav£ng any teaching experience at Lhe elementary school level. 

White and his colleagues, .writing Volume 2, reported correlation and 
multiple regression analysis results of selected secondary school and teacher 
variables. They attempted to identify characteristics and conditions related 
to science course improvemeut projects (which they refer to as SCIP) usage, 
teacher self-iraprovement activity participation, teaching practice preference 
and teacher satisfaction with science teaching careers. 

They found that science course projects (SCIP) were in more use in 
large schools thf^n in small schools. If enrollments in chemistry, physics, 
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and earth science were high in relation to school size, SCIP materials were 
more often (than not) in use but the reason for this finding was not clear. 
It could be that SCIP courses are popular with students or it could be that 
enrollments increased because of SCIP materials use. ^se of SCIP materials 
was related to teacher participation in NSF institutes and to number of 
credits in science. Participants in NSF institutes tended to have more 
college science credits than did non participants. 

. In addition, NSF institute participants had more teaching experience, 
were older, were more likely to be male than female, and generally worked 
in larger schools. Whea teachers had been selected to participate in one NSF 
program, they tended^ to apply for and be selected for other NSF programs. 
Th^ investigators reported an "indication" that SCIP teachers were less 
in favor of lecture-discussion and demonstrations as learning activities and 
more in favor of laboratory activities. They also favored using grading 
methods other than test scores. Apparently they valued teaching activities 
and gracing methods consistent with the intentions designed into the SCIP 
materials . / 

In analyzing the use of SCIP materials in the elementary schools, Steiner 
et al. (1974) reported that the overall use was 27 percent. Science Curriculum 
Improvement Study (SCIS) Elementary School Science (ESS) and Science-A 
Process Approach (SAPA) materials all were in use, with SAPA being used as 
much as SCIS and ESS together. An exception to this finding was that, in 
the Rocky Mountain region, ESS and SCIS were used two to three times more 
^j'equently than SAPA. Overall, SAPA was used by about 14 percent of the 
sample schools. 

A significant predictor of the use of SCIP materials in elementary 
schools was the teacher* s use of group and individual laboratory activities. 
Another significant predictor was consultant or supervisory help provided by 
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the school. Attendance at SCIP workshops and the use of SCIP materials 
were^osely related. However, when techniques for teaching science were 
identified and ranked, the moot common was that of lecture-discussion 
followed/iby science demonstrations and then laboratory activities, although 
there^was variation within each geographic region (Steiner et al., p. 72). The 
bestr^predictor of more frequent use of laboratory activities for teaching 
science was whether the teacher currently or previously had taught a 
science course improvement project. 

H 

The authors of Volumes 1 and 2 (Schlessinger et al, 1973; White et al., 
1974) reported that secondary school science teachers reported they were very 
satisfied with science teaching as a career. Reasons for high satisfaction 
were not clear although White et al. (1974) speculated that the dissatisfied 
had probably left teaching and were not around to respond to the survey. 
This could possibly be inferred from the fact that those expressing the 
most satisfaction with teaching science had been at it the longest. Steiner 
et al. (1974) reported that elementary school teachers responses ranged between 
neutral and satisfied with science teaching, although somewhat closer 
to satisfaction. Those teachers not solely responsible for teaching science 
(having consultant or supervisory/help) were^^re satisfied^han those who 
worked alone. The best predict^ of satis factionX^s wheth^ the teachers 
felt that a lack of ability to improvise materials and equipment presented 
them with difficulty (Steiner et al.,1974, p. 73). This continues the 
trend of Blackwood's barriers, or Hone's scarecrows, depending upon your 
point of view. 

A study conducted by Mason and Craven (no date) focused on the effects 
of new elementary science curriculum projects on methods courses. They 
received 518 usable returns to the 2000 questionnaires they mailed out. 
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Eighty percent of their respondents said that the new projects had a 
definite impact on the methods course in their school, with SCIP materials 
being used in the laboratory or small group situations* However, 31 people 

reported that students had little, if any, exposure to the new materials and 

(I 

93 said students did not have direct experience with SCIP materials (Mason 
and Craven, pp. 16-18). 

Lawrenz (1974) collected questionnaire data from 344 science teachers in 
12 states (three geographic regions) about their perceptions of their own 

/ 

skills and of school conditions. She found that 62 percent of the Junior / 
high school science teachers and 72 percent of the senior high school 
science teachers held a bachelor's degree in science, with biology being 
the most common major. Thirty-eight percent had a master's degree. All 
of the respondents had positive attitudes toward science. 

When teachers were asked to rate their own skills, the lowest rated 
item for both junior and senior high school science teachers was their 
knowledge of curriculum techniques, ^enior high teachers were relatively 
happy with th- ir teaching load and considered their students well behaved. 
Junior high science teachers were less satisfied with their load and considered 
their students less well behaved (both, significant differences). Junior 
high school teachers also felt fewer science cr^arses were available and that 
the courses were less appropriate for student needs (Lawrenz, 1974, p. 494), 
In addition, the junior high school science teachers reported that space for 
science was not adequate, laboratory space was insufficient, and they were 
significantly less satisfied with storage space (Lawrenz, 1974, p.495) . 

Lawrenz concluded that inservice activities probably should be in the 
form of short summer institutes. The^e programs should stress areas of 
curriculum techniques and the use of* evaluation to diagnose difficulties. 
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Emphasis should be placed on individualized instruction and how to use it. 
Teachers should ^e provided with information about available science career 
opportunities for their students. Teachers' reactions to Lawrenz's questionnaire 
indicated they would not be too interested in inservice courses designed 
solely to improve their knowledge of subject matter (Lawrenz, 1974, p,495). 

Stronck (1974) used a questionnaire survey to gain^ inf ormaiiion from 309 
people in the state of Washington about their perceived needs for inservice 
programs. All respondents (elementary teachers^, secondary teachers, administrators) 
were interested in how to coordinate a K-12 sequence of science concepts and 
processes. They wanted inservice programs to describe recent advances of 
scientific knowledge and to indicate the relevancy of scientific topics for 
students. Elementary teachers were more concerned, than were secondary teachers, 
about the effective management of curriculum materials, the individualization 
of instruction, and emphasis on processes of science. 

Stronck suggested that inservice programs should concentrate on (1) the 
coordination of a science sequence, K-12, (2) recent advances in scientific 
knowledge, (3) the relevancy of scientific concepts to -the lives of students, 
(4) the efficient inanagement of curriculum materials, (5) individualization 
of instructioti, and (6) ways to evaluate the quality of instruction (1974, 
p. 508). 

Inservice Education in Science: An Overview . The need for inservice 
education in science continues, despite the large number of teachers who 

o 

have participated in NSF-funded programs and activities as well as those 
inservice programs operated by local school systems or other agencies. Tliis 
may seem contradictory but it is not meant to be so. Perhaps a discussion 
of^factors and forces involved may help clarify the situation. 
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Certification practices do not mandate post-graduate college credit 
in science (or even college credit, in all states) for second-level certi- 
fication. The most common form of inservice activity may be that of released 
time to attend conferences and conventions (Hite and Howey,' 1977). Inservice 
programs and practices vary, sometimes with school size, sometimes with 
funding. However, explaining lack of inservice activity because of lack 
of funds or a tight economy may be a scarecrow, to borrow Hone's terminology. 

Programs and practices probably also vary because "unlike the preparation 
of beginning teachers, inservice education has no tradition of what constitutes 
a basic program" (Hite and Howey, 1977, p. 5). This variation is not entirely 
a bad thing. Inservice activities ought to be designed to meat the needs of 
the local situation. Inservice education has traditionally been the responsi- 
bility of the local school district through its administrators. Inservice 
education depends, to a large extent, on who controls the rewards system. If 
administrators stress graduate credit, they have given control of inservice 
activities to the colleges and universities. College credits may, or may not, 
improve what goes on in classrooms. 

Science teachers appear to be younger and better educated today than in 
past years. However, they frequently lack breadth Ln the sciences as well as 
lacking depth in certain science areas. For secondary teachers, participation 
in NSF institute programs has provided a better content background in science 
as well as increasing their tendencies to use pupil-centered methods of 
teaching science. 

Again, despite the fact that many teachers were involved in NSF 
programs, science knowledge is constantly changing and the amount of knowledge 
is increasing rapidly. Even though many of the science course content' 
improvement projeccs have been in existence for more than ten years, teachers 
still indicate a need to become more familiar with these materials. An 
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example of this is to be found in data reported for the Comprehensive Program 
for Science Teacher Education at the University of South -Dakcta. In an 
evaluation report Issued In 1972, 75 percent of the program participants 
wanted more work with science course Improvement project materials (Sagness 

r 

and Bertrand, 1972, p. 33). In the second evaluation report of this program, 
the authors reported that 78 percent of the Unitary participants and 56 per- 
cent of the AY participants^ desired more work with science cours^^ improvement 
project materials (Sagness, Petersen and Ketterling, 1974, p. 33). 

The teachers who reacted to the evaluation questionnaires discussed in 
the preceding paragraph were secondary school science teacKers who work 
with pupils in grades 7 through 12. There also is a need for Inservlce 
educauion activities in science designed for elementary school teachers. 
There were fewer NSF institutes and programs designed to help elementary 
teachers improve their content background in science than those for secondary 
teachers* In addition, certification standards for elementary teachers, 
in terms of the amount of science content required for certification, do 
not appear to have changed markedly over the last 20 years. Steiner's 
report (1974) of a national survey of selected elementary school and teacher 
variables contained the finding that the most common technique for teaching 
science in the elementary school was that of lecture-discussion. This would 
appear to indicate that more in^ervice programs are needed to help elementary 
teachers effectively use (i.e., in the manner for which they were designed) 
elementary school science course improvement projects. 

If we recall finding that the less recent a teacher's undergraduate 
preparation has been, the less likely he or she is to return to school, we 
need to consider the implications of this for keeping teachers current in 
both science knowledge and teaching techniques. Mertens and Bramble (1976b) 
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report a survey done by Arthur D. Little, Inc. which documents the main 
problems of one group of teachers: those in the Appala:hian Region, This 
survey, conducted in 1970, involved a 20 percent random sample of 162,000 
teachers. Eighty percent of the teachers surveyed felt their training 
was sufficient in the application of educational theory, teaching methods, 
and training in the subjects they tdught. However, the majority felt their 
training was not sufficient in methods for teaching disadvantaged students, 
knowledge of vocational opportunities open to their pupils, reading instruction, 
curriculum planning and development. Both scientific equipment and laboratories 
were perceiv'ed as being inadequate. Many had recently taken a college 
course for credit. But, 11 percent last took a college course six to ten 
years ago and 13 percent last took a college course for credit more than 
ten years ago (Mertens and Bramble, 1976b, pp. 15-16). 

Althcagh the 1970 survey indicated that Appalachian Region teachers felt 
they had sufficient training in the subject they taught, the need for inservice 
activities in science was identified, six years later, when some needs 
assessment activitities took place. A series of needs assessment conferences, 
held at 12 sites in Appalachia in the spring of 1976, resulted in identified 
needs for inservice training for elementary and secondary teachers in 
specific content areas as v;ell as for skills and strategies (Mertens and 
Bramble, 1976a, p. 14). Ratings of 1-2 indicated a very strong need and 
of 3-4, a strong to moderate need. The mean rating for inservice education 
in science for elementary teachers was 2.87. For secondary teachers, the 
mean rating for science inservice education was 2.96 (Mertens and Bramble, 
1976a, pp. 17, 19). 

Needs for inservice education not only vary with the geographic area 
being considered, they also vary with the educational level being studied. 
Earlier in this subsection, there was sbme discussion of the fact that 
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elementary teachers have had fewer opportunities to participate in NSF 
institutes than have secondary teachers. Although secondary school science 
teachers have benefitted from NSF programs, there is a subset of secondary 
school science teachers whose teachxng aselgnment indicates a pos'sible neecl 
for effective Inservice, programs . This subset consists of the people 
who work with junior high school students in general science classes or 
in whatever sequence of science courses is available for grades 7 through 9. 

Junior high school sciance * ^.achers are not likely to be specifically 
educated, and certified, to work with the students of this particular nge 
group. Most states do not have a separate certification for teaching in 
junior high or middle schools. If state cettification procedures do not 
require special preparation programs for junior high or middle school 
teaching, there is little incentive for colleges and universities to design 
such programs. 

Schlessinger et al. (1973) reported that general science courses in 
Junior high schools were decreasing but science courses are still being offered 
for grades seven, eight and/or nine. If the old general science course is 
not offered, the common patterns are life science in grade seven, physical 
science ^ rade eight, and earth science in grade nine or. physical science, 
earth science^ and life science in grades seven, eight and nine respectively. 
Relative to teacher preparation, the OSU study (f.chlesslnger et al., 1973) 
reported that relatively few general science teachers had depth in more than 
one science area. 

In addition, the respondents in Lawrenz's study (1974) indicated they 
were less than satisfied with their teaching load, considered their students 
less well behaved (than did senior high science teachers) , and felt courses 
were less available and less appropriate for student needs. They also felt 
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their classroom conditions were In need of Improvement In terms of space for 
science, part^lcularly laboratory activities, and for stor^^e of equipment. 

While -It Is true that Inservlce programs cannot provide remedies for all 
of these deficiencies, such programs can be designed to provide junior high ' 
science teachers with more knowledge about the age group with which they are 
working and about a variety of instructional methods or teaching techniques, 
and with some suggestions concerning ways to improvise until their less-- 
than-adequate teaching conditions are improved. \ 

' Up to this point, ^,the discussion of the need for ^continued inservlce 
activities has focused on those designed primarily to up-grade or up-date 
teachers' content knowledge. The article by Lawrenz (1974) reported earlier 
in this section provided some data relative to additional areas which should 
be emphasised in Inservlce programs. The report by Mertens and Bramble 
(1976a) also provides information relative to, Insefvlce needs relaited to 
teaching skills and strategies. 

Vflien skills and strategies needs were identified by participants in 
the Appalachian area needs assessment conferences were ranked, there were 
several needs that,^ while not co:atent-speclf Ic, apply to science education. 
Participants ranked strategies for motivating students as their greatest need. 
Methods for individualizing instruction ranked second. ' Ranked fourth 
was the need for ways of teaching both fast and slow learners. Promoting 
independent and self-direction la students was ranked fifth as a needed 
skill. The use of problem solving and decision making strategies was r&nVed 
sixth. Inquiry discovery techniques for instruction was ranked eleventh 
as a needed strategy for teachers (Mertens and Bramble, 1976a, p. 20). 

The University of South Dakota teacher participants indicated they 
would like further opportunity to work on teaching skills such as questioning 
or those skills developed through microteaching (Sagness and Bertrand, 1972, 

103 

.101 



p. 34; Sagness, Petersen and Ketterllng, 1974, p. 34). Welch (1977a) reported 

J- 

that a sample of principals and; science teachers in 376 secondary schools 

(grades 7-12) located in 12 mountain, plains, and southern states identified 

needs for secondary education in three areas: information processing and 

decision making skills, basic skills, and student self-esteem. Participants 

also. considered these areas as important for science education as well as for 

secondary education in general (Welch, 1977a, p. 10). ' 

Mertens and Bramble reported that when priority needs identification 

was considered, in the 1976 Appalachian needs assessment conferences, 

•. . . Inservice training for teachers and administrators in 
^ such areas as human relations skills, curriculum design, affective 
education, interdisciplinary education, value clarification, 
management, and competency-based instruction was mentioned as a 
priority in eight of the nine states where priorities were identified 
in the education area". This agrees with the very strong "tings 
found for the skills and strategies need category overall. (1976a, p. JO) 

Information from these documents would seem to imply that while 
inservice education activities should be continued, the focus must be 
broadened to include more than the acquisition of recent science content. 
The teaching 'skills and methodologies necessary to promote student learning 
of science content must also be included in the inservice* programs. 

Why should inservice education continue? The rationale for this appears 
to be based on the premise that if teachers are better prepared in their 
content area and 'more slcilled in teaching techniques and strategies, they 
should be able to better promote student learning. Is there any validity 
to this assumption? Willson and Garibaldi (1976) think they have identified 
supportive evidence. 

Willson and Garibaldi investigated the question of whether there Is any 
evidence that precoUege student cognitive achievement has been increased becaus 
of teacher participation in NSF-sponsored institutes. They cite Helgeson's 
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review of NSF programs and Ind^lcate that he identified 16 separate articles 

/ 

inferring student gains. However, not all of these were experimental in 
nature so Willson and Garibaldi conducted their own investigation. They 
examined data from teachets and students involved in comprehensive teacher 
education projects funded by the National Science Foundation (science programs 
in Wyoming, South Dakota, and Mississippi and mathematics programs in 
California and Indiana). They found a consistent trend in the direction of 
better student performance with increased teacher NSF participation. 

When the results of two planned orthogonal constrasts were analyzed, 
the investigators reported that the data suggest that "teacher attendance 
at institutes is associated with^^ higher student achievement than no attendance, 
and that the students of teachers with high institute attendance -g^rform better 
fcha'i students of teachers who have attended only one or ^two institutes" (1976 
p. 437). 

Willson and Garibaldi concluded that "a real institute effec.t is present" 
(1976, p. 437). They consider the fact that the lack of significance at 
the junior high school level may be due to the selectivt.ty of senior high 
school science classes which are elective as opposed to the compulsory 
junior high school science classes for all students. 

So strongly convinced are Willson and Garibaldi of the impact of 

institute attendance on sXudent cognitiv^- achievement, that they make the 

following prescriptive remarks: / 

• . •For the secondary science and mathematics teachers, it is recom- 
mended that they continue to attend workshops, institutes, and 
courses in the science area during their active professional 
lives. The apparent stimulus of such attendance is to improve* 
their students* achievement;. Although compulsory attendance is 
rarely desirable from a motivational standpoint, it is unlikely 
to result in negative effects and may result in improved student 
achievement for all teachers. For the school, school district, ^ 
or other administrative agency concerned with teachers' professional 
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development, it is recommended that continued, periodic attendance 
be required of all science and mathematics teachers as conditions 
of retention and advancement* With such requirement should be 
a comparable oppourunlty and Incentive, such as leave time, tuition 
and expense money, and pay* Although school districts may be able 
to produced effective science"^ education- for teachers In some 
cases. It falls to state educational agencies, universities, 
and national agencies and professional organizations, such as 
the NSF,*AAAS, or NSTA," to provide the bulk of workshops, 
lnstltutes,^'and coursework for science teachers* Those responsible 
for funding i Institutes and workshops should be made aware of .the 
research supporting maintenance of programs such as the NSF 
precollege science and mathematics training programs* (1976, 
P- 438);- ^ 
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TEACHER EDUCATION AND SCIENCE TEACHING TODAY / 



This section of the report might be entitled **What's It Like Out There?" 
with a subtitle of ''implications for Science Teacher Education/* Considered 
in this section are factors such as teacher supply and demand, teachers' 
rights and responsibilities as negotiated by professional organizations 
and/or established by legal precedent, and pressures that influence science 
teaching such as decline in achievement as evidenced by National Assessment 
of Educational Progress (NAEP) scores and community concern over textbooks 
and their content* Related to all of tfiese aspects of science teaching is the 
continuing concern, and need for, inservice education. 



1. Curriculum reforms in science education have taken place. How 

well these reforms have met their goals in terms of implementa*-' '< 
tion in the schools is still a subject of debate. / 

2. Some authors consider that there has been a second generation, 

or second round, of curriculum reform, resulting from the perceived 
lack of success of the firs t^generat ion of reforms. 

3. The teaching profession e;c^anded during the 1960's. Today, much 
discussion centers on tl^^/fact that many people prepared to teach 
.are unable to sebure a ^aching position. Does a teacher surplus 
exist in fact? The ansWer frequently depends upon the source 
responding, as well as the content area under discussion. 

4. As professional organizations gain strength, more and more school 
matters have become the subject of negoff .tion. 

5. Increased protection teacher rights appears to be the current trend. 

6. Despite teacher militancy "bi::^^ increased organization, teachers and 
curriculum committees (and s^liools) are still subject to parental 
and community group pressures. 

7. Schools are subject to demands for equal time for topics such as 
creationism. Some groups express a disillusionment with science, 

8. Science teacher educators need, for a variety of reasons, to get 
more involved in inservice teacher educajfion. 
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Secondary School Science Education and Curriculum Reform 

Many factors provided the Impetus for science curriculum reform* During 
World War II, general lack of knowledge in science and mathematics was 
identified. Funds for science were appropriated by the U. S. government. 
Money became available for science curriculum reform projects. Dede and 
Hardin characterize these reform projects as differing from other reform 
movements in that (1) there was an attempt to replace the current science 
curriculum rather than revise it, (2) professional scientists, rather than 
educators, provided the leadership, and (3) funds came from foundations and 
federal grants rather than from state and local sources (Dede and Hardin, 
1973, pp. 485-486). 

What was not changed, is also important. The sciences traditionally 
taught remained, as important. to teach. Staffing and administrative constraints 
were not drastically modified. Although the emphasis was on science for 
gifted students, curricula were also developed for other groups of students. 
In addition, it was assumed that the new curricula would be used an.l used 
correctly (Dede and Hardin, 1973, p. 487). 

When the reforms met with mixed results, the criticism which resulted 
combined with various forces acting on the American society in the i960*s. 
And, a second round of curriculum reform activity took place. Guidelines 
for teacher education programs also were re-written (see section on 
guidelines for preservice education, earlier in this paper). Dede and 
Hardin feel they can identify five characteristics common to the second 
generation of curriculum reforms J (1) new emphasis on the interrelation 
of scientific disciplines, (2) new consideration of the social and cultural 
consequences of science, (3) new role for the teacher as interpreter and 
mediator of learning, (4) new cooperation of teachers and professional educators 
with university scientists in all stages of reforms, (5) new flexibility of 
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high-Interest student materials, aod (6) behavioral objectives and performance 
criteria spelled out (1973, p, 489). 

While Dede and Hardin consider the second generation reforms as a 
consolidation of traditional and first generation reform strengths, they 
also point out what they consider significant weaknesses. Aside from needing 
evaluation concerning usage and effectiveness, the second generation reforms 
are only bits and pieces of the science education program. In addition, 
they have been..,jie§j:'gned to fit existing school ^organizational structures, 
which are now changing. Second generation materials still depend on testirg, 
grading, and teacher observations although these items have not been shown 
to be rel:fab3c indicators, of professional achievement in science. Nor do 
these materials prepare students for roles they may assume in the future 
(Dede and Hardin, 1973, p. 490), They speculate that a third round of curriculum 
reform movement may take place, due to unsatisfied needs, ,1 

•Inservice teachers who read articles such as that just discussed are faced 

with a problem: to get geared up for second-generation reform projects ^(which 

J 

the authors imply are presently available) or to wait for the appearance of 
third-generation curricula? Is Dede and Hardin! s description of the curriculum 
and instructional materials situation in science education an accurate one? 
Bo science educators commonly accept their description of changes that have 
taken place in curriculum reform? From what data base did they draw their 
^findings? A science teacher who wants to keep up to date needs to look 
around for inservice activities and workshops designed to help him learn to 
use, or to modify, currently existing curricula and related instructional materials 

Another article related to the second generation of science curricula 
(Zoller and Watson, 1974) contains references to "proposed" second generation 
materials, indicating the authors are not so certa'in (as Dede and Hardin 
seem to be) that such curricula already exist — although they appear willing 
to grant that reforms are taking place. Because many of the so-called first 
generation curriculum reform materials contaiil references to making them 
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"teacher proof," Zoller and Watson emphasize the formulation of teacher 

education programs that can produce "curriculum proof" teachers. They 

stress that there is a need to produce teachers capable of functioning in 

an innovative mode and with nontraditional constraints (Zoller and Watson, 

1974, p*94). They emphasize that any curriculum change is brought about only 

to the extent that teachers understand its philosophy, agree with its^ objectives, 

become familiar with its strategies, know how to implement if., and are willing 

to do. so (1974, p. 94). 

' Zoller and Watson emphasize their concern that future innovative science 

curricula be properly implemented for nonscience students | (who, they consider, 

constitute the majority of high school students). They stress that teachers ' 

should be less concerned with^what is "typically academically respectful" 

and more concerned with what is "educationally relevant and essential for 

the individual local students . . ." so these students understand (1) themselves 

in a changing society, (2) the issues which determine their lives, and (3) 

the physical world they have to adapt to and cope with (1974, p,101). 

Teacher training programs, according to Zoller and Watson, should 
♦ ' '\ 

present the teacher with as many alternatives as possible while simultaneously 

encouraging him to create additional alternatives (1974, p. 101). Selection, 
self and other, is necessary so that those teachers who graduate from such 
programs are wise, thoughtful, humane, mature, compassionate, socially-otiented, 
and educated (197(4, p. 101). Such selectivity, while highly desirable, implies 
that teacher supply and demand is such that teacher educators and administrators 
can afford to be discriminating. 
Teacher Supply and Demands Focusing on Science 

Although the NEA's Research Division reported, in 1972, that the teaching 
profession had expanded during the 196G's another NEA report which was pub- 
lished in 1973 contained the information that at least 10.2 percent of the 
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1972 education graduates actively seeking jobs in teaching were unable to 

find positions. This statement refers to teacher education graduates as 

a group rather than applying to all subject areas, ^ 

In an article published in 1972, Bartels reported that, in 1970 teacher 
demand still existed for teachers of mathematics and 'of natural and physical 
sciences. Table 16, in the NEA document (1973, p. 32), identified the areas 
of natural and physical sciences (as well as mathematics, industrial arts, 
and trade, industrial, vocational and technical teachers) as having a "low 
supply" of teachers. 

Stinnett (1967) reported that a number of factors contributed to the 
iteacher shortage of the 60*s: growing school enrollments, demand *of industry 
for college graduates, appeal of graduate education, and demand for teachers 
for new federally sponsored programs. Stinnett also indicated that some persons 
were discouraged from teaching by the less than adequate salaries, the many' 

/ 

trivial administrative details teachers had to perform, and by the lack of 
status commensurate with the education involved in preparing for a teaching 
career. 

These factoi;'s caused state certification divisions to issue emergency 
certification, caused school districts to set up double shifts, of schools 
and to increase class sizes. In addition, teacher education instltuti-ons 
accelerated programs for preparing teachers • Some lowered admission criteria 
and allowed people who really should not have been certificated to become 
teachers. At present t:here is a decline in the birthrate, a tighter economy 
and a decrease in the number of new teaching positions. However, some teacher 
education institutions are continuing to prepare large numbers of teachers 
(Arnold et al,, 1977, p. 47), 

Are these institutions doing their graduates a disservice? Are they main- 
taining college faculty and programs under false pretenses? There are mixed 



opinions concerning the teacher supply situation. Articles in the popular 
press indicate on oversupply, Ofchers have opposing views. 

Regier (1972, p. 37) contends that there really is not^ an oversupply of 
teachers, there is simply an undersupply of money. He reports that the United 
States spends only seven percent of the gross national product on education. 
If spending priorities were re-ordered, schools could add more curriculum 
offerings, could reduce class size, provide additional instructional services, 
and replace those teachers who had substandard qualifications (1972, p.lO)^ 

The National Education Association (NEA) also contends t^at there is not 
an oversupply of teachers. In a research memo published in 1976 (Graybeal, 
1976), the NEA reports that 1975 was the third consecutive year that the number 
of teacher educatioti graduates decreased (by 8.3 percent). The year of the- 
all time high was 1972, when 317,254 students graduated, prepared for teaching. 

In analyzing the decrease in teacher education graduates, the NEA contends 
that 696,200 beginning teachers were needed in the fall of 1975 to raise the 
quality of public school programs^ and staffing to minimum levels. ' The number 
of beginning teachers needed was 503,500 more than were available from the 
college classes of 1975. What does raising the quality of public schools 
and staffing to mimimum levels imply? According to the NEA, this would be 
accomplished through (1) improved staffing, (2) taking care of teacher 
turnover, (3) replacing people with substandard qualifications, (4) reducing 



class size, (5) taking care of tha increase in special education, (6) 
reducing misassignment of teachers, and (7) reinstating cut programs (1976, 



teachers seeking posinions exceeds the number of teaching positions actually 
open. In 1974, A7. 9 percent of the teacher education graduates rtiported securing 



pp. 5-7). 
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In reality, the number of prospective 



11 




ERIC 



110 



> 



ERIC 



employment as a teacher as con^jared to 74.4 percent of the 1962 graduates 
(1976, p. 1). 

Science teaching opportunities? The 1976 research memo provides 
the information that teaching assignments in which the supply, is least adequate 
are tho;5e of mathematics, natural and physical sciences, distributive education, 
industrial arts, and agriculture (1976, p.l). 

Are science educators and prospective science teachers aware of these 

stastics? Hausraan and Livermore (1976) are afraid they are not. These authors 

> 

contend that people are not going into teaching because they think the science 
"teaching positions are not available. In addition, teachers who leave teaching 
may not be replaced, for budgetary reasons. ^People who might consider inter- 
rupting their teaching careers or leaving teaching are electing to remain 
in their jobs. Teacher education programs are decreasing the number of 
their 'graduates (in some cases because students are not enrolling in 
the programs). They see this situation beginning in the early 1970's. By 
the 1980 's people will be retiring from teaching, but there will be few 
replacements. Those persons educated earlier will have out of date content 
backgrounds. The result? Teacher education institutions will have to gear 
up rapidly to meet the crisis. 

ThiSf scenario was based on information from RAND Corporation studies 
for secondary school teachers in general. RAND data indicate that the decline 
in production of BA graduates began in 1966. In 196*6, 23.5 percent ■)f the 
freshmen chose to major in education. By 1974, according to information 
from the American Council on Education's annual surveys, only 7.7 percent 
of the co^-lege freshmen chose an education major. The teacher "surplus" 
will end by 1980, based on supply conditions alone. Hausman and Livermore 
report that NEA information showed an increase in BA output in science from 
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1960-1970 of 69 percent and then a drop from 1972-1973 by 2.3 percent (1973, p 

They remind science educators that the bachelor* s degree candidate ^ 
of 1982 is the college freshman 1978. Hausman and Liverraore encourage 
those who prepare science teachers t<y get ready to recruit these student's 
and then to prepare them for the future rather than for science education 
as it existed in the 1950's and 1960's (1976, p. 6). 
Professionalism and Responsibility 

Stinnett remarked, in his 1967 paper, that lack of status discouraged 
many people from a career as a teacher. One way that teachers have attempted 
to improve the attractiveness of teaching as a career is through increased 
professional activity. While this may be construed to mean such activity as 
that which produced the NSTA position statement of science curriculum 
entitled "School Science Education for the 70*s" (Berkheimer ,1971) or the 
NSTA publication on science facilities (Novak, 1972), it more commonly 
means that local teachers associations have become more assertive in salary 
negotiations and in demanding participation in curriculum decisions^ 

These types of science education activities are seldom the focus of 
research studies or journal articles but they are a fact of life. In 
addition, the National Education Association and the American Federation of 
Teachers (AFT) have backed their members when teachers' actions have resulted 
in court cases. In a document entitled "Protecting Teacher Rights, A. 
Summar/ of Constitutional Developments" and prepared for the National 
Education Association by its general counsel, the final sentence aptly 
describes the situation. After a note of daution about legal decisions' not 
being a static area, the author writes ". . .We may conclude with the 
observation that the modli is change and the direction is toward increased 
protection of teacher rights." (Chanin, 1970, p. 41) 
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How does the fact of professional negotiations Influence the science 
curriculum? Perhaps through having to pay teachers overtime If special 
meetings are called. Perhaps In having to clear any curriculum Innovations 
through a curriculum bargaining committee and Its chairman before these can 
be tested In classrooms (Klernan, 1975, pp,15-16). Nevertheless, having 
an active local education association does not thoroughly shield science 
teachers from pressures. 
Pressures^ Politics and Science Teaching 

Although the focus of this subsection Is treated In more detail In 
otb'jr sections of the final report, n^^nely those concerned with accountability 
and with needs assessment. It seems appropriate to consider these factors 
within the context of teacher education, preservice and Inservice. Gome 
science teacher educators appear to be saying, when one reads Journal 
articles or reports of papers presented at national meetings, that science 
education can best answer the demand for accountability by T>n^tlng teacher 
education programs, and high school graduation req'tlrements, ^n the format 

of competencies to be met. *At the same time, some of their colleagues 

are countering these arguments by maintaining* th^t the science curriculum' 
Improvement projects, with their emphasis on the structure of the discipline, 
have served to alienate youiig people from sclenfee and that we need to make 
education and schools more humanistic. They consider the humanistic approach 
to be at the opposite end of the continuum from CBTE and behavioral objectives 
Whose views are more correct? Or, does the almost-Ideal situation Involve 
a mix of both types of approaches? These debates are yet:, if ever, to be s 
resolved. 

Kven if science educators Ignore philosophical questions, they find It 
difficult to ignore the public's reaction to the findings of the National 
Assessment of Educational Progress (NAEP), and of findings of a decline in 
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learning Indicated by the downward trend In scores on College Board Exam- 
inations (Kiernan, 1975, p. 5). Since 1963 there has been a drop on the 
verbal portion of 44 points and on the math portion of 30 points of the 
Scholastic Aptltute test (SAT). In September, 1975, it was reported that 
scores had declined 10 more poln^.s on verbal ability and 8 points on mathe- 
matics skills. 

The American College Testing Program, which Involves approximately 
one million college-bound students each year, reports the ACT coii5)oslte 
scores (averages of scores In English usage, mathematics usage, social 
s^^udles reading, natural science re.>dlng) have declined by approximately 
one score unit over the past 10 years. This is roughly comparable to a 
decline of about 2G points on College Board tes*s. One bright spot: 
natural science scores have remained relatively stable although mathematics 
scores are down by one and one-half units (Kiernan, 1975, p. 8). 

National Assessment data do not concentrate heavily on the cpllege- 
bound. Ten learning areas, of which science is one (and mathematics is 
another), are being studied. Persons drawn from populations aged 9, 13, 
l'', and 26-35 (young adults) are being tested. 

Science knowledge was tested in 1969-70 and again in 1:^ 2-73. Wnen 
data from these two rounds of testing were compared, there appeared to be 
cause for concern among science educators at all levels. The scores showed 
that (1) approximately 65,000 fewer 9-year-olds nationally could answer 
typical science questions in 1973 than in 1970, (2) approximately 70,000 
fewer 13-year-olds could respond satisfactorily to typical science 
questions in 1973 than in 1969, (3) approximately 80,000 fewer 17-year- 
olds could answer science questions correctly in 1973 than in 1969 
(Kiernan, 1975, p. 11)- 

Four major objectives relative to science were used, along with sub- 
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objectives, in the formulation of test questions. The major objectives were ^ 
(1) students should know fundamental facts and principles of science, (2) 
students should pxjssess the abilities and s}cllls needed to engage in the 
processes of science, (3) students should understand the Investigative 
nature of science, and (4) students should have attitudes about and 
appreciations of scientists, science, and the consequences of science that 
stem from adequate understandings (Ahmann, 1976, p. 23). 

How do science teachers respond to parents of their students when these 
'people who vote for, or against, school levys and bond Issues question the 
science curriculum? A group of people convened for a special national seminar 
co-sponsored by ♦'he Thomas Alva- Edison Foundation and the Institute for 
Development of Educational Activities, Inc. (I/D/E/A) identified 20 possible 
causes of the drop in learning. Among these "causes" were television, work/ 
study programs. Innovations in education, permissive -latitudes toward youth* 
that result in discipline problems for teachers, broken homes, drugs and 
alcohol, and short-term courses , to name some factors the group identified. 
They felt that the responsibility for the decline should not be assumed by 
teachers alone but that it must be shared with parents, courts, legislators, 
bureaucrats, and school administrators (Klernan, 1975, p. 19). 

Another possible explanation that is less gloonqr has been presented by 
Welch (1977b). Welch identifies several possible explanations for declining 
test scores: (1) invalid tests, (2) failure of schools to do their job 
properly, (3) out of school Influences, (4) less time spent on science, 
and (5) reduction in intelligence related to genetic factors and increasing 
family size. However, he goes to speculate that perhaps the drop in test: 
scores is due to an Increase in the affective outcomes of schooling. 

Welch supports his hypothesis with data from 350 science classes. 
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Pupils In 1972 and in 1976 were tested by using the Welch Science Process 
Inventory and the Test of Achievement in Science, a test of NAEP items. In 
addition, the 8,000 pupils also completed^-two^affective measures: Science 
Attitude Inventory and Learning Environmental Inventory-Satisfaction. Welch 
found statistically significant declines on the achievement test and the 
process inventory. However, he also found significant gains on measures 
of class satisfaction and science attitude.^ Welch , speculates that, while^ 
students may be learning less science, they are enjoying it more. 

Is student satisfaction with, and enjoyment of, science valued 
/Sufficiently to convince parents ar^d other tax-payers that present curriculum 
materials need not be replaced? There is another concem,"^perR'apa^ore 
prevalent among elementary teachers than among secondary school science 
teachers: if school systems do revise programs to reflect communi^^^oncem 
for a" "return to the basics," will science be considered-IUu-b^ic"? ("Back 
to Basics...," Science Education News , April^ 1972). \ 

Secondary school science teachers find themselves more concerned by 
pressures exerted by groups objecting to curriculum selection or textbook 
adoption. This situation is described in Science Textbook Controversies and 
The Politics of Equal Time by Nelkin (1977). In addition' to providing 
historical information about the development of the evolution-creation 
controversy as this affects education, Nelkin traces the development, and 
splintering, of various creationist groups. 

Nelkin contends that the individuals and groups objecting to soine of 
the textbooks and curriculum projects in use in today's schools do not 
represent, for the most part, the deprived and marginal subcultures. Instead 
these people's requests to share in textbook selection and their demands 
for equal time in the curriculum for their views originate from a sense of 
decreased power and a loss of local control to technical bureaucratic instit- 
utions* Such institutions, they feel, do not represent their interests. 
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Nelkin devotes cdnslderabie space in her book to a discussion of the 
events that took place in California when creationists were able,* for a time, 
to^modify "The Science Framework for California Schools," a set of curriculum 
guidelines for public school science programs (Chapter 6, pages 81-103), In. 
addition, what Nelkin terms "the MACOS dispute" is described in Chapter 7, 

In Chapter 9, "Science and Personal Beliefs," Nelkin suggests that 
textbook controversies should cause people to wonder about the public 
understanding of science (1977, p,145). She reports that, in 1959, a 
public opinion survey reported that 83 percent of the American population 
thought we were better off because of scientific contributions to health 
and to a higher standard of living. However, 47 percent thougjit that 
science made our way of life change too fast, while 40 percent feared the 
growth of science would bring about increased centralized control. In 19'72, . 
a Harris poll found that 76 percent of the respondents worried about excessive 
concentration on science and 72 percent believed science was making people 
too dependent. But, 89 percent saw scientific progress as necessary for a 
high standard of living (Nelkin, 1977, p,146),* Nelkin suggests that 
"Ambivalent attitudes are often matched by confused conq)rehension," (1977, p ,147) 
Implications for Science Education 

If, as Hausman and Livermore and others predict, many teaching staffs 
will come to consist of older tenured teachers an^^ if, as the Mills document 
(1963) reported, the older teachers tend not to return to school, these 
facts are important for science educators to consider. Until the late 
1970's inservice education had not been a major concern of most teacher 
education institutions. Hite and Howey suggest several reasons why 
inservice education should have a higher priority among teacher educators: 
teachers are remaining on the job longer and are less mobile, and state 
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departments of education are certifying fewer teachers so certification 

standards have less ijnpact on the quality of inservice teachers (1977, p.4). 

In addition, some people are suspicious of teacher education and of the idea 

that teachers and schools can contribute significantly to goals in the areas 

of interpersonal growth and social reconstruction (Hite and Howey", 1977, p. 24) 

Progranis and activities must be designed for inservice science teachers, 

♦ 

at all grade levels. Our incentive remains the same as that identified at 

a 1953 conference convened by James B. Conant to study the nation-wide 

-problems of science teaching in the secondary schools: 

We need science teachers who have an awareness of - 
scientific problems, who grasp every opportunity" 'to 
encourage an inquisitive pupil toward further study 
and investigation, who know how to direct laboratory 
work and student projects, and vrtio have a desire to 
make science classes a stimulating part of every high 
school curriculum. (Watson et al., 1953, 41). . . 
When we consider how inevitably science affects, our 
national economy and national defense, mediocrity in 
science teaching is not only insupportable, but 
perilous (Watson et al., 1953, p. 48). 
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IV. CONTROLLING AND FINANCING EDUCATION 



Controlling Education 

' ^ The role of the state in shaping school policy has 

been central to American education because the U.S. 
Constitution reserves authority over education and 
because Dillon's Rule still lives. (Dillon's Rule 
refers to a nineteenth century judicial opinion 
that characterizes the basic tie between state and 
local governments. In essence, the state can create 
and destroy all local units and it can grant 6r 
withhold authority for them to act.) (Wirt, 1977, p. 164). 



/ 1. Between 1955 and 1976 the state governments have expanded 
/ their activities in the number of functions in which they 

are involved^ in school structural organization, finance, 
curriculum'^ and instruction. 

2. The influence'^ of the state governments on science education 
has igarieased sinc^ 1955. These influences on science 
education are due to regulations that (a) are related to 
science and (b) are not related to science. Both tvpes of 
regulations can provide positive or negative influences 

on science education. 

3. State governments ditfer markedly in the types and extent 

of influence they exert on elementary and secondary education. 
Regional patterns do exist. 
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Regardless of whether one examines educational func^on, structure, 

! 

finance, br Instruction, it is clear that the states have expanded thsir i 

j 

influence over the last century (Fuller and Pearson, 1969b). During the | 

I 

last 20 years this pattern has accelerated. i 
^ Examples of expanding control can be given in several areas. j 

1. Policies regarding school size and school consolidation . Reduct^ion 

I 

of school districts was extensive in the 1950'S;, 1960's and early 1970*sj 
While the action has varied from state to state, in a recent year (1973-74) 
the number of school districts in four states was reduced by 20-25% in 

one year . Four other states reduced the number ofo school districts ^ J 

j 

during the same year by 10-20%. 

This activity has had many influences on schools including increasing 
> / 
the size of many schools, increasing the number of students transported 

to school by public means, increasing the number of science offerings 

in a typical school, and decreasing the time students spend at school 

before and after classes. 

2. Policies regarding the school curriculum . States vary extensively 
in the amount of control that is exerted over the curriculum. ^ The method 
of control also varies in legislative and regul|itory forms. 

Many of these affect science through specified requirements that 
relate to science. These include such items as'"(l) specified graduation 
requirements for science, (2) specified requirements for taaching conser- 
vation, environmental education, elementary school science, or secondarjr^^ 
school science, hygiene and healtti, alcohol and drug education, sex 
education, nature study, outdoor education and similar courses or topics, 
and (3) 'stated objectives of the state school system that include science. 
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Some state requirements influence science in a negative way if they 
make (1) time demands that require institutional program requirements to 
reduce science or require students to reduce science study and (2) money 
demands that require funds be reduced for other programs. These require- 
ments fall into the same categories as those in the previous paragraph: 
(1) specified graduation requirements that demand more credits than those 
demanded for science (either^ individually during the school program or 
collectively during one year), (2]^ having existing or increasing require- 
ments for teaching non-science courses or topics, and (3) objectives of 
the state school system that do not include science. 

Many states require two years of science in grades 9 through 12; 
others require only one. In the last two years several states have been 
considering or have reduced their science requirements in secondary schools 
to one year. Elementary school requirements are also being reviewed and 
changed. Requirements in non-science areas are being increased while 
science are^s are being/ decreased. 

In recent years ^^^^lumber of legislation and regulation items has 
increased. While funds have been provided by states for some of these 
requirements, in other cases funds have not been provided. Passage of 
legislation or regulations without funds is frequently another act ion 
influencing the curriculum . 

3. Policies regarding certification . Certification regulations 
have continued to be increased in most states, including requirements 
for teaching science. This action has tended to provide more competent 
teachers for a number of subject areas and to requi^re more education^on 
the part of the teachers* Many states have inservice requirements for 
teachers a\id states with these requirements are increasing; while some 
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states such as Alaska and Texas provied substantial funding support foy 
inservice requirements, many states do not. 

Increased requirements specifically related to science were accel- 
erated in the middle 1960*s to the early 1970* s. Since 1974, certifica- 
tion requirements have not been increased by many states. 

There has been relatively little increase^ in the amount of college 
science (quarter or s^ester hours) taken by elementary school teachers. 
Changes in current certification patterns are r likely to require 
increased science content; surveys (Sclessinger et al., 1973; Steiner 

et aL. , 1974; Howe et al., 1974) and state data ' suggest teachers usually 

< 

do not select much college science course work on their own. 

Teaching of science in elementary schools has been a continuing 
problem. A substantial number of teachers do not enjoy teaching science, 
do not enjoy science themselves, do not enroll for any course work related 
to science after they graduate, and do not study science on their own. 

'4. Policies regarding equality of education opportunity . State 
activity in this area accelerated rapidly beginning in the middle 1960 *s 
and continuing through 1977. Included are provisions for handicapped, 
minorities, children from low income families, and girls. These require- 
ments have resulted in many programs, program modifications, and facility 
construction and remodeling. 

The impact of these actions on science are not clear. Based on the 
literature reviewed, it appears science (along with many other programs) 
has lost funds that were previously available. Where funds have been 
cut, program changes often identified are (1) reduction in funds for 
instructional materials (older textbooks, etc.), (2) reduction in funds 
for laboratory equipment, (3) fewer field trips, and (4) less fur.ds for 
inservice education. 
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5* Policies affecting selection and purchase of textbooks and other 
Instructional materials > 

States, differ extensively on the control exerted over textbook 
selection and other instructional materials. In general, relatively 
few states have a feinimum support level for mat-rial expenditure as they do 
for- teacher salaries- The lack of such support or required spending with 
increased requirements in other areas has meant that material expenditures 
frequently increase when funds are available and decrease rapidly when 
funds are not as readily available- During the late 1950's and through much^ 
of the 1960 's funds were available to many school districts so material 
purchases ^e^anded- Since the early 1970's many schools have been in a 
cycle of very tight funding resulting in reduced expenditure for materials 
in many districts. Surveys suggest science textbooks are not being replaced 
as rapidly in 1975 as they were in the late 60' s- 

In general, states do not exert much control over purchase of 
non-print instructional materials; this is probably dufe to the historical 
heavy emphasis on print materials in schools and the feeling in some states 
that if you control the selection of print materials you control a substantial 
part of a child's education. 

Control of textbooks and other print material has tended to become 
less restrictive in a large number of states during the past two decades. 
The availability of a greater variety of instructional materials has also 
tended to reduce the limiting effect of adoption procedures in several 
states. Two exdeptions to this trend should be noted. These are (1> concern 
for "equality" in materials (primarily related to race and sex) and 
(2) concerns of various consumer groups. 
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/6. Policies related to minimum competencies and accountability . 

These are areas In which states have substantially increased tVeir 
Influence in the past two decades. The accountability programs were initiated 
in most states beginning in about 1965 to comply with Federal program 
requjtrements. As states developed plans, programs, and capacities for 
Federal programs they have extended their Interests "and activities to state 
and local programs. Some states have had state-wide testing programs for 
many years, however, the interest in minimum competencies for graduation 
from secondary schools developed during the la(te ISSO's and early 1970*s. 
The number of states that have such requirements is increasing each year. 

These state -efforts can have a positive or negative influence on 
science education depending on whether science is or is not included in 
areas emphasized by state programs. 

In general, science has not been included in first efforts by most 
states. Reading, mathematics, and communication have usually been the first 
areas to receive attention. Focusing on other areas of the curriculum has 
tended to reduce emphasis on science in statements of goals and objectives; 
it has probably also reduced time, personnel, and money allocations to science. 
Comparison of state programs which have focused broadly on the curriculum 
(such as Oregon) with state programs that have focused on individual areas 
of the curriculum indicate the latter approach encourages increased fragmentation 
of the curriculum. 

These areas are discussed more extensively in another section of this 

report. 

The above exc^mples indicate areas in which states have exerted 

influence (control) and areas in which they are continuing to be active. 

\ 

Wirt (1977) reported an analysis of state authority for 1972-73 on 
36 areas of educational policy and on centralization of authority. 



\ 

The scale (0-6) uaed is presented below. 

Centralization is conceptualized as a variable that ranges from 
full state decentralization at one end of a continuum to full state centra- 
lization at the other end. There are seven logical categories of centralization 
on which a given school policy might be judged, as follows: 

•0. Absence of State Authority ^ The state constitution, laws, and 
regulations contain no reference to. an exercise of authority on a given 
policy matter. Conceptually, this means that the local school is • free 
to act or not— the epitome of local autonomy unfettered by any state 
Influence. For example, the local school decides whether to treat the 
birthday of Martin Luther King, Jr., in any special way. 

Permissive Local Autonomy. Policy^is devised and administered 
by the local educational authority (LEA) without reference to state 
goals or supervision and the LEA need do nothing. The state is permissive 
about the goal of policy and about providing assistance to implement that 



goal. Jhe key^rd in state authorization is ma^ (what the LEA "may'' do), 
For example, ^love of country** is indicated as a desirable curriculum 
goal but nothing more is said about its meaning or state support of it. 

•2«/ Required Local Autonomy , The specifications are the same as 

In Permissive Local Autonomy, but the district must do something about 

the policy. For example, the LEA must provide some kind of unspecified 
course in civic training. 

3. ExV:ensive Local Option under State Mandated Requirements . 

The state sets broad guidelines for service or assistance that 
the LEAs a considerable number of options. The state sets the goal of 
policy but lets the LEA implement it with but few constraints. For 
example, a particular curriculum goal may be met by selecting one^^f five 
kinds of civics courses. 

4. Limited Local Option under State Mandated Requirements . The 
State sets extensive and detailed guidelines for service or assistance, 
which the LEAs must administer with little option. TJie state uses the 
LEA to administer the state goal within tight (but not absolute) control. 
For example, the length of the school year will be from 160 to 170 days. 

* 5. No Local Option under State Mandated Requirements . The LEA 
"must,'* "shall,** or *'will** (key words in law) provide a service or state 
requirements with no variation. There is no leeway for th^ LEA to do 
anything other than what is mandated. For example, the number of years 
of service before a teacher is eligible for tenure is specified. 

6. Total State Assumption . The state exercises full control over 
provision of policy service, \j±th no LEA involvement in providing money, 
service, veto, or representation. In short, the state undertakes the 
educational service in its entirety. For example, the state provides 
schools for the blind. 
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Such a scale of centralization does not permit fine* calibration. It 
does not, for e^^ample, indicate beforehand the exact line between "limited" 
and "extensive" local option (points i and 4 on the continuum). Rather, 
it pemits only^^jrough categorization of any law or set of policy require- 
ments (Wirt, 1977). 

Listed in Table 8, p. 127 are the mean centralization scores for 
each state. These scores were derived by Wirt and his students from 
data obtained from the states. Table 9, p. 127 lists the centralization 
scores of states within specified intervals. Figure 1, p. 128 lists the 
distribution of the states. Table 10, p. 129 lists the centralization 
scores of the states on 36 educational policy areas. 

While there are some' differences between these findings and the 
current situation (note: state control of equal educational opportunity), 
substantial change has not taken place. It is interesting that correlations 
of state ranking of 48 states on a number of items such as state support 
of local schools, instructional salaries, and selected types of regulations 
correlate between .6 and .9 for items checked for the years 1958-1973 
(correlation analyses completed on selected data by Howe, 1977 and by 
Wirt, ^1977). State rankings generally do not change rapidly. 
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TABLES (:jij.t, 1977\ 

School CEKTKAU7A^^o^^ Scores, by States, 197a 



State 



SCS 



Alabama 

Alaska 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 



467 
3.38 
2.91 
3-57 
3^5 
3-79 
2US8 

3«5 
4.19 

3-H 

6.oo» 

346 

3.3» 
3-90 
3.80 
3.38 

3.90 



State 



Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 



SCS 


Sute 


3«9 


OhiQ 


3*09 


Oklahoma 


3.56 


Oregon 


»-73 


Pennsylvania 


3^5 


Rhode Island 


4.10 


South ^rolin« 


3-93 


South Uskoti 


a«84 


Tennessee 


347 


, Texas 


3^1 


Utali 


2.84 


Vermont 


3-«3 


Virginia 


3.87 


Washington 


3.79 


West Virginia 


3.^3 


Wisconsin 


3,80 


Wyoming 


2.89 





SCS 



3^5 
4-91 
4.30 

375 
3.21 
4.61 
3^)8 

2J8 
34i 

3- «7 
3.88 

4- 37 
3-94 
3^2 
2*86 



Mean = 



J.59; Standard deviation = M 



• Out of }Uw»ir« rojol hcriUgft, aU authority It contraUxta. Tbw an no locM dUtrict*. 

TABLE .9 (Wirt, 1977) 

Staixs with Centkauzatiok Scorn ^^Wlxs Speofuu) Iktervals 



SCS Interval 


States* 


SJOO + 


Hawaii (6.00) 


4-50-4-99 


Oklahoma (4.91), A! .12, South Carolina 


4^4^9 


Washington (4.37). Oregon, Florida, Minnesota 


3.75-3-99 


West Virginia (3.94). Miyjissippt, Indiana. 
Kentucky. VirKinia, New jersey, Michigan, 
Nebraska. Iowa. Konh Carolina. Colorado. New 
Mexico, Pennsylvania 


350-374 


California (3^5), Ohio, New York, Wisconsin. 
Arkansas, Mar>iand 


3.^5-349 


Tennessee (3.48), Montana, Utah» Kansas, Alaska, 
lilinois, Idaho 


3^3.24 


Georgia (3.24), Rhode Island. Louisiana. Vermont, 
Delaware, New flanipsljire, Ahine, Soutli Dakota 


2.50.2.99 


Arizona (2.9,) North Dakota. Texas, Missouri, 
^evaUa^ Alavsachusctts, Connecricut 


Under 2.50 


Wyoming (i.86) 



* Kor «itch Inlorriil the hiKhi»t HCS la i;ifco lo pir«nlhoiu ftnil is. .■•.JI — T 
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FIGURE 1 

Schon"" ''•Gntralization Scores (Wirt, 1977) 





11 


I 






i 1 E 1 1 



« « 

M i ^ S 3 3 i § 



2 S 



B 5 



s 



ERJC 



128 

J3h 



TABLE 10 



SCHOOL CEOTRALIZATION SCORES ON TIIIKTY-SIX VARIABLES, BY REGIONS AND SUBREGIONS (Wl 



VARIABLE 

Accredl tstlon 
School calendar 
Certification 
In-service training 
Salary schedule 


H 
CO 

o 

-1 on 
4.21 
-4.80 
-1.63 
-3.14 


3 , 

O 

g 

A 7/. 

4.09 
-4.44 
-1.67 
-2.92 


u 

g 

3 

< 
1 

e 

-2. 90* 
+4.35 

5.24 
-1.60 

3.40 


H 
CO 

o 

CO 

+5. 70* 

-3.91 

+5.73 

+2.59 

+4.32* 


H 
CO 

Q 
t-t 

4.58 
+4.38 

5.55 
-1.74 


(O 

3 

-4.07 
4.20 
+5.76 
+2.37 


§ 

M 

3 

+4.^ 
+4.51* 

5.41 
-1.29 


H 

CO 

-3.92 
-3.90 
+5.77* 
+2.31 


CO 

+5.13 
-3.68 
+5.82* 
+3.00 


o 
-4.30 

—J. 

S fi7 

9 nn 


OS 

< 
-2.81 

T*». J/ 

•O-l 7 A 

1 Q 
Tj. iO 


CO 

cu 

OS H 

CO 

2 < 

4.50 
4.09 

C AO 

j.*»9 
2.09 


personnel policies 
ocnooi pianc 

Schonol construction and equipment 
Safety and health standards 
Grade organization 


4.24 
+3. 71 
44.09 

4.23 
+3.81 


+4.59* 

3.51 
-3.57 
-3.92* 
-3.08 


-3.82 

+3.95* 

+4.71* 

+4.59 

+4.68* 


-3.86 

+4.16* 

-3.33 

•14.92* 

+4.01* 


-2.70 
+4.44 
-2.46* 
+3.92 
4.35 
3.37 


+4.59* 
' +4.61 
-2.96 
3.78 
-3.60 
+3.93 


-1.36* 

+4.32 

-2.10* 

+4.02 

+4.89* 

-2.96 


-3.06 
4.13 

-3.16 
3.75 

-4.04 

-2.57* 


-3.00 

+4.84* 

-2.08 

-2.0C* 

+4.98* 

-2.65 


-2.60 
+4.56 

3.34 
+5.63* 

4.52 
-1.55* 


T<*.UU 

-3.95 
+4.84* 

37^^« 

-3.21 
+5.06* 


3.29 
4.17 
3.36 
3.76 
4.37 
3.38 


Promotion requirements'^ 
Course or credit load 
Pupil records 


-0.50* 
+2.89 
3.80 


-0.00* 

-1.55 

-3.11 


1.10 
+4.50* 
+4.63* 


+1.45 
-1.89 
3.83 


1.32 
-1.87 


+1.96 
-0.60* 


-0.86 
2.79 


+1.47 
+3.83* 


+2.25 
+5.50* 


-0.20* 
-2.40 


+1.50 
+3.25 


1.21 
2.69 


Textbooks 
Curriculum 


-3.91 
-3.97 


-3.5'> 
4.44 


^-38 
-3.*jO 


+5.03* 
++.78* 


-3.16 
-3.78* 
4.32 


-3.01 

-3.52* 

-4.22 


-3.26 
-3.97 
4.38 


+4.00 
^+4.57 
4.50 


-2.46 

+5.09* 

-3.70 


+3.95 
-4.00 
4.45 


+5.07* 

+4*69 

+4.70 


3.71 
4.35 
4.41 


Extra curricular activities 
Library 


-1.43 
3.59 


-1.58 
3.47 


-1.30* 
+3.73 


+2.66 


+3.34* 


+3.60 


+3.15 


2.46 


2.45 


+2.92 


-1.89 


2.50 


Guidance and Counselinj; 


-2.60 


-2.52 


-2.70 


-3.06 
3.14 


+4.40* 
+3.65 


+4 29* 
*-J.54 


+4.48* 
+3.73 • 


-3.08 
3.16 


-3.00 
-2.87 


+3.99 
+3.73 


3.57 
-2.95 


3.51 
3.15 


Vocational education . 


+5.09 


+5.12 


5.04 


+5.49* 


-4.40* 


-3.77* 


4.84 


-4.65 


5.01 


-4.12 


-4.40 


4.89 


Adult education 


3.73 


3.58 


+3.90 


+4.34* 


-2.86* 


-2.62 


-3.03 


3.61 


+4.23 


-2.45* 


+4.25 


3.63 


Special education 


4.97 


4.93 


5.01 


+5.38* 


-4.82* 


-4.63* 


* 4.96 


5.14 


+5.28* 


5.23 


4,99 


5.09 


Experimental pro^^roms 


+2.50 


-1.83 


+3.30 


+3.54* 


-1.72 


+3.73 


-0.28* 


-1.43* 


-0.95 


-1.32 


+2.75 


2.24 



TABLE 10 (Continued) 



VAfQABLE 


NORTHEAST 


NEW ENGLAND 


MID-ATLANTIC 


SOUTHEAST 


MIDWEST 


CO 
Ui 

^' 

o 


^ -PLAINS 


WEST 


SOUTHWEST 


MOUNTAIN 


FAR WEST 


CO 

■ tn 
§^ 
^4 


Pupil- teacher ratio 


3.08 


-2.87 


+3:^:33 


+3.67 


+3.92* 


+3.64 


44*12 


-2.02* 


-1.25 


-2.10 


+3.69 


3.11 


Attendance requirements 


-4.16 


-3.51* 


+!*.94 


44.98* 


-4.33 


-4.66 


-4.30 


44.95 


-4.04 


4.67 


+5.68* 


4.64 


AdmiisiOTt requtrements 


-3.15 


-2.31* 


44.15 


44.34 


44.03 


+5.12* 


-3.25 


3.73 


44.11 


2.87 


44.04 


3.82 


Graduation requireaents 


-3.87 


-3.46 


44.37 


4.20 


-3.67 


-3.80 


-3.58 


44.40 


44.80* 


-3.06 J 


+5.37* 


4.06 


School district organization 


-2.19* 


2.12 


-2.26 


44.17 


+3.81 


44.03 


3.66 


+3.93 


44.00 


-2.00 


+5.25* 


4.06 


Equal educational opportunity 


-2.37* 


-1,90* 


-2.93 


3.70 


+3.53 


+5.27* 


-2.29 


+3.60 


-2.61 


-1.90 


+5.63* 


3.34 


Objectives 

Pupil transportation 


-2.14* 
-4.17 


-2.58 
-3.96 


-1.60* 
4.42 


+3.67 
4.44 


44.21 
-4.12 


+5.30* 
4.20 


3.43 
-4.06 


3.50 
44.56 


44.25 
-3.45 


3.50 
44.67 ' 


-3.00 
44.91 


3.41 
4.34 


Financial records 
Accountability 

Evaluation 


3. CO 
+3.37 
+3.21 


-2.61* 

3.22 
-2.00 


44.79 
+3.53 
44.67* 


44.77 
44.02 
-2.81 


-4.00 
3.10 
+3.51 


-3.30 
3.11 
+3.20 


44.50 
3.10 
3.73 


44.55 
-2.30 
-2.56 


+5.34* 

44.25 

44.25 


44.93* 

-1.20 

-1.20 


4.15 
-1.37 
-2.34 


4.26 
3.14 
2.99 


Per pupil expenditure 
Bond* — - 


-1.44* 
+1.07 


-1.71 
-0.00* 


-1.12 
+2.35* 


2.44 
0.50 


+3.08 
0.64 


+3.19 
-0.00* 


+3.01 
+1.09 


+2.71 
-0.17* 


44.22 
0.65 


2.34 
-0.00* 


-1.50 
-0.00* 


2.45 
0.56 


Revenue 
Mean 


-3.12 
3.27 


3.53 
3.00 


-2.62 . 
3.59 


44.31 
3.87 


3.62 
3.52 


44.18 
3.67 


+2.26 
3.41 


-3.28 
3.47 


-3.19 
3.62 


-3.08 
3.16 


44.44 
3.79 


3.57 
3.59 

1 



Notes- The scores for the Pacific region are omitted from this table because of the unusual deviation of 

Hawaii, one state of a two-state set. The scores for the region are included, however, in all reports 
of means for all states. 

- « less than mean SCS for all states by 0.20 

+ » more than SCS for all states by 0.20 

* indicates a "t" value significant at less than .15. 
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As Figure 1, p. 128 illustrates, there are substantial differences among 
the states. There appear to be three patterns of states regarding central- 
ization patterns: (1) those with substantial decentralization or centralization ; 
(2) thosie^" moderately decentralized or centralized ; and (3) those that are 
intermediate . ^ 

An examination of Table 10, P^ 129 indicates policy areas that have been 
(and generally are) Subject to more or less centralization. Among those policy ^ 
areas that are above average in centralization are textbooks, curriculum, 
graduation requirements, certification, and programs such as vocational 
education and special education. 

° The impact of such centralization within each policy area is not 
clear. Data do indicate, however, that there are differences between and 
within states and that many of these differences are due to the absence 
or presence of regulations. Regulations regarding special education, career 
education, minimum competencies, inservice education, secondary school 
graduation requirements, teacher certification, etc. clearly influence 
science education programs.. The amount of funding provided by the state 
per pupil, the percentage of the funding provided by the state, the procedures 
for providing the, funds (block or categorial, direct or through proposals, 
etcTTT^and' the- way .decisions are made within the state also impact on 
science education. 

Data examined for this review suggest the role of the state is more 
important than commonly thought; indeed, the influence of the state appears 
to be growing. ^-Jhile extensive policy analysis related to science education 
is beyond the scope of this review, the impact of state action on local 
programs is clear. Materials reviewed from various states indicated definite 
impact of state action on science programs. Some examples can be cited: 



(1) Impact of curricular requirements in states such is Vermont, Delaware 
and Virginia that will result (or may have by now) in less time for science 
instruction or fewer students enrolled in science courses; (2) impact of 
state adoption textbooks lists on sel^^tion, of materials that are not in 
textbook form such as modules, units, e^c; (3) use of Federal revenue 
sharing funds in non-science areas; (4) provisions for state supported 
il^service education, such as Texas and Alaska; and (5) use of state achieve- 
ment tests (including science) in various states.. 

Since adequate finances > adequate staff > and stability of financial 
support appeared frequently in needs for quality programs, a brief exam- 1^ 
ination of trends in financial support is included. 
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FINANCING EDUCATION 
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1. Percentage o f financial support of schools from Federal and state 
sources increased from 1955 to 1976.' 

2. Percentage of financial support of schools from local sources 
decreased from 1955 to 1976. 

3. States differ substantially on both sources of funds and 
expenditures per pupil. ' 

4. Tneir are also substantial differences within individual states. 
These differences have a profound influence on programs. 

5. State categorical aid programs have usually followed the passage 
of Federal categorical aid programs. 

6. Federal support for science education was increased from 1955 to 
the late 1966's (1968 or 1969). 

7. Federal support for science education has declined since the 
late 1960's. 

8. State support for science curriculum development and inservice ^ 
education appears to have declined since the 1960*s. 

9. Inflation and reduced enrollments are requiring many districts 
to take actions based on the local financial situation. Major 
financial reform for school support is needed at the state level 
if piece-meal action by local districts is to be avoided. 



Table 11, p. 134 presents the mean schools revenue sources, for the years 
1919 through 1974. The data indicate three patterns: (1) Increasing 
support from the Federal government beginning primarily in the late 1950*s 
and extending through 1965-66, Since 1966 the percentage of Federal 
support has fluctuated between 7 and 9%. It is currently about 3%. 

(2) The percentage of state support has not shown a similar increase since 
the late 1950's, though the last three years suggest some possible change; 
the percentage of state support has been nearly flat since the late 1950*s. 

(3) The percentage of local support has shown a general decline. 

Table 12, p. 135 presents state data for 1973-74. These data show 
states differ substantially both on their sources of funds per pupil and 
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TABLE 11 

SOURCES AND. PERCENT OF SCHOOL REVENUES^* 



Year 


r L Om LcUcLdX 

sources 


r rum s uauc 
sources * 


rroin locai 
sources 


1919-20 


0.3 


13.8 


. 85.9 


1929-30 


0.4 


16.9 


82.7 


1939-40 


1.8 


30.3 


68,0 


1959-60 


2.9 


39.8 


57.3 


1960-61 


3.8 


39.8 


56.4 


1961-62 


4.3 


38.7 


56.9 


1962-63 


3.6 


39.3 


57.1 


1963-64 


4.4 


39.3. 


56.4 


1964-65 


3.8 


39.7 


56.5 


1965-66 


7.9 


39.1 


53.0 


1966-67 


7.9 


39.1 


53.0 


1967-68 


8.8 


38.5 


52.3 


1968-69 


7.4 


40.0 


52.6 


1969-70 


7.2 


40.9 


51.8 


1970-71 


7.2 


40.0 


52.8 


1971-72 


9.0 


37.0 


54.0 


1973-74 


7.5 


43.0 


49.5 



1. National Education Association and U.S. Office of Education , as 
compiled by the Congressional Quarterly, Education for a Nation ^ 
Washington, D.C, 1972, p. 9. 

2. "A Statistical Profile: Education in the States, 1973-74," 
Compact , July/August, 1974, p. 14-15. 
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TABLE 12 



Federal 

Alabama 14,4% 

Ala<ikn 16.8% 

Arizona 7.4% 

Arkansas 16.3% 

California. ... 6.7% 

Colorado 7.3% 

Connecticut 3.1% 

Delaware 6.6% 

D.C 11.4% 

Florida 8.7% 

Georgia 12,0% 

Hawaii 8.2% 

Idaho 11.1% 

Illinois 5.9% 

Indiana 5.1% 

Iowa 4 9% 

Kansas 8.0% 

Kentucky 13.8% 

Louisiana 14.0% 

Maine 9.3%' 

Maryland . 6.2% 

Massachusetts .... 5.2% 

Michigan 4.0%* 

Minnesota 4.7% 

Mississippi 24.5% 

Missouri - 7 6% 

Montana 8.5%^ 

Nebraska 7.9% 

Nevada 6.1% 

New Hampshire. . 3.0% 
New Jersey 5 7% 



REVENUE SOURCES AND 

REVENUE AND EXPENDITURES 

PER PUPIL 1973-74* 

Revenue Sources for Public Revenue 
Elementary & S econdary Schools Per_PuplM 



State 
68.0% 
62.8% 
38.5% 
48.8% 
42.1% 
35 3% 



Local 
17.6% 
20.3% 
54.1% 
34.9% 
51.2% 
57.4% 



(AOA) 

$ 816 
2,144»» 
1,234 
872 
1,614 
1,324 



Increase 
Since 
1972-73 

20.2% 
7.7% 
14.4% 
16.1% 
15.2% 
6.1% 



Expend. 
Per Pui»il* 
(ADA) _ 

5 716 
1,597 
1,222 
773 
1,198 
1,075 



increos" 
Sirce 

19.5% 
1.3% 
25.6% 
17.5% 
14.1% 
7..3% 



23.1% 
69.7% 

57.1% 
55.0% 



73.8% 
23.7% 
88.6% 
34.2% 
33.0% 



1,550 
1,710 
1,884 
1,132 
948 



3.3% 
12.6% 
7.8% 
6.3% 
13.1% 



88.8% 
43.3% 
40.0% 
32.7% 
35.3% 



3.0% 
45.6% 
54.1% 
62.2% 
59.7% 



1,448 
968 
1,631 
1,151 
1,183 



0.1% 
9.1% 
8.2% 
2.3% 
0.6% 



1,295 
1,388 
1,490 
962 
869 



1,027^ 
812 

1,228 
890 

1.116 



4.4% 

lO.^^O 

10.1% 
2.2%* 
8.^% 

-4.1%^ 
7.5% 
9.5% 
1.3% 

1171% 
3.9% 
2.3% 
4.7% 

n .3% 



31.4% 
55.2% 
56.0% 
35.0%^ 
47 1% 



60.5% 

31.0% 

30.1% 

55.7%* 

46.7% 



1,249 
890 

1,045 
986' 

1,769 



8.1% 

2.7% 

1.4% 

4.7%* 

9.7% 



24.2% 

50.0%* 

58.1% 

52.5% 

35.9% 



70.7% 

46.0%* 

37.1% 

23.0% 

56.4% 



1,305 
1,309' 
1,497 
908 
1,192 



5.9% 
8.7%« 
3.7% 
11.4% 
5.8% 



1,037 
727 
949 
884* 



1,136 
1,260* 
1,201 
787 
963 



3.1% 
8.7%^ 
3.5% - 
13.1% 
3.4%v 



40.0% « 
20.8% 
41.8% 
7.4% 
28.7% 



51.5%^ 
71.3% 
52.1% 
89.6% 
65 6% 



1,096* 

1,051 
1,213 
1,082 
1,638 



7.7%* 

9.0% 
11.0% 
6.4% 
7.3% 



1,015* 
957 

i;032 
909 

L43? 



7.6%^ 
7.6% 
7.6% 
3.2% 
10.8% 



*"A Statistical Profile: Education in the States, 1973-7A;' Compact, 
July/ August, 1974 pt 14-15. 
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TABLE 12 (Cc^tinued) 



Revenue Sources for Public 
Elementary ftSecondary Schools 

Fed<;ral State Local 

New Mexico ]6.07o 64.4% 19.6% 

New York 4.9%" 39.1% 56.0% , 

North Carolina.... 10.5% 68.7% 20.8% 

North DaKpta 9.1% 43.?% 47.0% 

Ohio . . . 7.3% 34.3% 58.5% 

Oklahoma 9.3% 44.8% 45.9% 

Oregon 4.1% 24.4% 71.5% 

Pennsylvania... . 6.8% 49.7% 43.5% 

Rh^e Island 8.1% 36.4% 55.5% 

South Carolina . .15.8% 57 4% 26 8 % 

Sooth Dakota 14.9% 13.0% 72.0% 

Tennessee.. p. 13.1% 45.1% 41.8% 

Texas r. 11.0% 47.5% 41.5% 

Utah 8.2% 56.8% 35.0% 

Verm ont 6 .1% 33 0% 60 9% 

Virginia ^ . . 10.4% 36.7% 52.8% 

Washington 8.7%^ 56.5%-^ 34.8%^ 

West Virginia 12.5% 57.5^i) 30.0% 

Wisconsin 3.3% 40.0% / 56.8% 

Wyoming 11 1% 3 6 7% 52 2% _ _ 

Total U.S 7.5% 43.0% 49.5% 

NOTES NA-Not Av«ilftbie NC -Na Cnaoge • - The dil!*fencc Oft**en /ev 

tnuc »nd e>iDtndi»vi/ei PC pup'l C'tt to 're .f cJui.on u^jf/ /f»enue ot 

recetptt lof f^pj/n^fnt cf lon<; tc/n^ (IT* ^ «ro<»<J < » r»r<cn'j lyCiCJ 



Revenue 
Per Puoil- 



1,036 
2J18 
1,131 
1J57 
1J37 



962 
1,373 
1,515 
1,324 

992 



1,069 
900 
1,060 
1,021 
1,411 



Increase 
Since 
1972-73 
0.9% 
9.6% 
13.0% 
16.0% 
7.1% 



5.7% 
8.0% 
8.8% 
6.4% 
7.5% 



12.2% 
6.3% 
6.6% 

.10.4% 
1.4% 



1,188 
1,366^ 
922 
1,373 
1,139 



7.9% 
4.4% • 
4.9% 
5.0% 
-6.1%' 



$1,344 



8.2% 



Expend. 
Per Pupil 
(ADA) 

939 
1,809 
900 
947 

L009 



835 
1,058 
1,247 
1,250 

fiS6 



921 
804 
898 
816 
1.308 



1,010 
974^ 
871 

1,200 

999-' 



1,121 



Increase 
Since 
1972-73 

9.7% 

9.7% 
10.6% 
11. S% 



8.7 '/o 
4.2% 
7.0%. 



10.4% 
8.5% 
6.9% 
7.7% 
_1S%^ 

7.3% 
4.4% 
/.4% 
5.8% 
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the revenue and expenditQres per pupil. While these figures illustrate 
between-state differences, they do not represent within state differences. 
Da,ta examined in the process of preparing this review indl^c^te marked 
differences among many communities within states. Substantial effort 
is being expended by many states to look at policies regarding financial 
support for schools and to consider modification .of many state support 
programs . 

o 

Since the late 1950 ^s it appears that categorical state funds have 
frequently followed the pattern of Federal funds. The present stage of 
ffederal participation in education began as the United States emerged from 
World War II (Mils tein ,1976 ) > While the primary funding from 19A5 to 
1952 was to aid veterans education, the last 20-25 years has changed to 
programs with substantial funding and impact on elementary and secondary 
schools including science education > 

Some of the legislation and the patterns of legislation are important in 
reviewing changing patterns and needs in science education. A few of these 
will be identified. 

1. The NSF Teacher Institute Program 

This progam began development of institutes for teachers in 1953r^^ ~ . 
The institute progran reached a high point in 1968. These institutes first 
concentrated on subject matter competency, and later some included pedagogy. 
XiTrecent years, implementation of curricula vas a major focus. 
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2. The NSF Course Improvement Program , 

This program, which started in 1956, spent about 100 million dollars 
during the first 11 years. Estimates of support for 1967-1975 were approxi- 
mately 65 million dollars (Welch, 1976; The National Science Foundation and 
Pre-Coilege Science Education; 1950-1975 . 1976.) A substantial amount of 
these expenditures were for elementary and secondary school materials. 
Since 1975 the size of the program has been reduced substantially. 

3. The National Defense Education Act of 1958 , 

This program promoted the improvement of educational programs 
in specific areas; science was one of the identified areas. The act 
provided funds for (1) equipment, (2) support for guidance, counseling, 
and testing, (3) funds for ins^rvice education, and (4) funds for 
research on teaching aids. The provisions of the act were changed, 
and funds for science were substantially reduced as provisions of the 
act changed. 

4. The Vocational Education Act of 1963 

This act increased federal support for vocational education 

approximately fourfold. This and other legislation in the early 1960 's 

provided strong support for increased emphasis on vocational and career 

education. Legislation and support has continued to expand these programs. 

Many courses offered by the schools contain substantial science (and 

mathematics and social science) content, but are seldom included in 

science course enrollment counts. If these courses were included in science 
enrollments, there would be a substantial increase in percentage of enrollment of 

US 
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students in science courses* An examitiation of the literature contained 
in the ERIC data base for 1966-76 related to vocational and career education 
courses of a scientific and technological nature indicate ve-^r few authors that 
are usually associated with science education. Documents reviewed revealed 
little, if any, planning between those responsible for programs related 
to science education and vocational/career education at the Federal and 
state levels. Some cooperative planning appears to be evident in local 
curriculum guides, curricula, and courses of study reviewed. 

5. The Economic Opportunity Act of 1964 . 

This act focused on culturally deprived and dropouts. It was part 
of a substantial effort to improve economic and educational equality. 
The act affected the schools at both the elementary and secondary education 
levels. Many students retained in school by this program hava taken some 
science In secondary schools. They usually enrolled in general science, 
earth science, and biology. Relatively few have enrolled in chemistry or physics. 

6. The Elementary and Secondary Education Act of 1965 . 

This act provided massive support for the schools. Provisions 
of the act included funds for children from low income families, planning, 
research, leadership, handicapped children, and bilingual children. 
This act, which has been continued, has provided substantial money 
(over $1 billion per year) for the areas covered by the act. In general, 
specific curricular areas have not been identified. Rathei; the emphasis 
has been on groups to be served or types of services to be provided. 
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The pattern indicates growing Federal support in total dollars 
for science education from the late 1950 *s through 1968* Beginning * 
in 1964 and 1965 Federal legislation was passed that stressed the 

5 

disadvantaged, career and vocational education, equality of educational 

^'opportunity, bilingual education and others. While these funds could 

be used for some science education related purposes, in general they 

were not. In addition^ to the focus of the funds, many of the Federal 

programs required matching money from ,\ocal schools. Thus, funds were 

frequently used for areas other than science education. A third factor 

related to funding involved cont:inuation of cupport for established 

programs. Attempts to obtain materials from ^,SE". Title lil programs 

by ERIC/SMEAC from 1968 through 1972 indicated that about 80 to 85% 

of the programs were discontinued when Federal funds were withdrawn. 

Reduced support from the National Science Foundation and relatively 
small amounts of money from the Office of Education, the National Institute 
of Education, and other Federal agencies have been the pattern for science 
education since the late 1960's. Since 1968 the firsncial assistance 
priorities established by the Federal programs and essentially followed by 
state and most local schools have placed less emphasis on support of science education. 
This change in emphasis is also evident in recent and current state plans 
for minimum competencies as being developed by many states — science is seldom 
included in the first evaluation efforts* It has not even been included in 
a number of planning documents. 
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The presence or absence of Federal programs and funds for science 
education are clearly evident In state and local school programs. During 
the past 20 years Federal programs and funds have helped improve state 
efforts in planning and in coordinating science education efforts. The 
impact of Federal (and also state) funds on program development have often 
been reduced by lack of adequate lead time for people to become aware of 
available funds, late funding, lack of continued funding support, and problems 
of matching fund requirements (What is deleted from the school program to 
obtain the matching funds?). 

Many points of view have been raised regarding the use of block 
aid and categorical aid. If the purpose is to allow the schools to use 
funds in ways determined by them, block aid leaves the decision to the 
State or local unit. If the purpose of the funds is to accomplish a 
defined objective, the use of categorical aid is more likely to be 
successful. A review of recent funding legislation indicates a reduction 
of c ategorical Federal aid for science education since the late 1960's; 
based on past patterns of state and Federal funding it is not likely 
that many states will give science a high priority since the Federal 
legislation does not. 

As shown in Table 13, P»13,^ the percentage of revenue for local 

aid being provided by the local schools has been generally decreasing. 

Table 12, p. 135 shows there are many differences among the states in the 
percentage of funds provided by the local district. Local control of 
schools is one of the characteristics of American society that many 
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people want to preserve. Raising local revenues to provide for education 
has not been defended strongly; indeed, the pattern of support for public 
schools indicates a general decline in the percentage of local revenue 
for s^upport of local schools* Problems of schools with a high percentage 
of support from local revenue have been documented in many reports and 
publications. Among the problems are.(l) inequality of the tax base, 
(2) differences in percentages of homes with school-age children in 
various communities, (3) differences in increases or decreases of student 
enrollment during a fiscal year, (4) differences in fixed cost require- 
ments for different communities, (5) differences in educational needs 
and problems in different communities, (6) the effect of voter apathy on 
school levies and bond issues, and (7) the effect of special interest 
groups on school levies and bond issues. 

Many surveys and articles indicate that central cities and low 
socioeconomic areas frequently have the poorest facilities and a greater 
need for better instructional materials. However, for various reasons, 
funds are not voted to provide for their needs. With declining enrollment, 
economy measures may be taken by a local district; examples of such actions 
are elimination of supervisors, reduction in material purchases, reassign- 
ment of teachers to non-certified or minimum competency areas, increase 
in number of course preparations, reduction of laboratory work, reduction 
of inservice education, and Increase in pupil/ teacher ratios. 

All pf these actions have occurred and will probably occur with 
increasing frequency as enrollments drop. While some economies may be 
needed, different communities face different problems. 

From analyses of school financing, schools that currently have a 
low tax base per pupil and that depend heavily on local revenue will be 
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most subject to problems previously described ^ With the increasing 
mobility of the American population, especially within the states, 
increased state support of sr* ols for the educational program needs 
to be carefully examined. 

Wirt (1977) believes if the locus of reform is the district, a 
sucessful effort is only a "skirmish" victory because local politics 
are episodic. The frustration of local reforms efforts is high; hence, 
he recommends that major reform efforts be accomplished at the state 
level. Our analyses of financing of public education support his 
position. 
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COST EFFECTIVENESS OF SCIENCE EDUCATION INSTRUCTION^, 
A review of the literature revealed very few studies related to the""^ 
cost effectiveness of programs. A review of research related to in- 
struction included in the ERIC data base for 1966-76 and included in 

reviews^Trf -research published by ERIC/SMEAC that cover the years 1963-75 
yielaed relatively few stu3ies-tbat are apt to provide substantial differences 
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in cost. Analyses of local school budget suxmnaries for 11 states showed 
that the major costs to a school are (1) teacher salaries, (2) building 
construction payments, (3) operation and maintenance of the building, 
(4) transportation (primarily to and from school), (5) administrative 
and staff salaries, and (6) instructional materials and supplies. 

All but items 1 and 6 are fixed costs unless the program is conducted 
in a different building, in no building, or involves transportation. 
Item 1, teacher(s) salary, is usually the major cost variable. The basic 
items that would affect the cost of the teacher would be (1) the pupil/ 
teacher ratio , (2) where the teacher was on the salary schedule, and 
(3) amount of teacher and staff time required for instruction and plan- 
ning. In most studies analyzed, instruction involved a single teacher 
or a few teachers. Reports seldom included the salary level of the teachers; 
any substantial difference in control and experimental teacher salaries or 
fixed costs in the school would offset nearly all material cost differences 
in the vast majority of the studies. 

Instructional material costs represent a very small percentage of 
most school budgets--surprisingly small considering ♦:he school investment 
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in the other five areas. To demonstrate any substantial cost effective- 
ness of one Successful program over another would require manipulation 
of staffing patterns and/or building use. Research that manipulates 
these variables is needed and current technology (televsion, computer, 
etc.) can provide alternatives not available in the 1950*s and 1960*s. 
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V. NEEDS ASSESSMENT EFFORTS 
Documents reviewed for this section were identified by a search of the 
ERIC system data base, a search of the National Institute of Education 
library, a search of Dissertation Abstracts International , review of reports 
before various US House and Senate committees, and by contacting state 
de ^rtments of education. The results of this review will be presented 
first in terms of general educational needs, then needs specifically 
related to science education* 

GENERAL EDUCATION NEEDS 

A review of the literature reveals a set of recurring needs. The 

sources of these needs include documents that are national in origin and 

scope» documents that, are regional in nature, and documents that involve 

state levels. State activities in needs assessment vere mandated with 

guidelines charging the state education agencies with administrative 

responsibility for ESEA Title III programs ( Indiana Needs Assessment 

Project. . 1971) . Among the guidelines was the following: 

The State plan shall identify the critical educational 
needs of the state as a whole and the critical educational 
needs of the various geographic areas and population 
groups within the state, and shall describe the process 
by which such needs were identified. The process shall 
be based upon the use of objective criteria and measure- 
ments and shall include procedures for collecting, ana- 
lyzing and validating relevant data and translating such 
data into determinations of* critical educational needs. 

Section 118.8, U. S. 'office 
of Education regulations 
for administering ESEA. 
Title III programs. 

The following are statt \ents that summarize the needs as reflected in 

the literature. 

156 

146 



1% A major need, identified in nearly every pertinent document reviewed, 

is for improved financing for education. 

2. Basic skills, particularly including reading, math^ematics, communicati 
and language arts skills, and fundamental knowledge in such a;-eas 

^ as science, social science, and other discipline areas, were 
among the top needs identified in a majority of cases. 

3. Equal educational opportunity for females, blacks, Indians, 
people of Hispanic origin, migrants, inner city students, rural 
students, and bilingual students was identified as a 'major need. 

4. Within the last decade, concern has increased for accountability 
in education. This includes both accountability for learning 
(such as performance contracting, competency based education, 

and minimum performance requirements for graduation ) and 
program management (such as PPBS, management by objectives, 
management information systems, and school consolidation and 
reorganization) . 

5. Concern for vocational or career skills and knowledge has become 
increasingly important. 

6. Life-long learning is of increasing importance at the state 
level; thij implies educational concerns beyond the level 
currently seen as the limit for formal education. 

7. Desegregation and related educational problems, including 
financing, is a concern in many school systems. 

8. ConcGru for exceptional children and special education, especially 
reflecting the needs of the handicapped, continues; there appears 
to be increasing concern for the gifted. 

9. A number of states indicate concern for programs to decrease 
school dropouts. 

10. Dealing with the student as an individual, in temis of developing 

positive self image and individualizing instruction, is of 
creasing importance. 

11. Discipline and student management is a concern reflected in 
many cases. 

12. Improved health-physical fitness programs is seen as an increasing 
need . 



With respect to the preceding list of identified needs, some general 
comments are in order. The sources of information leading to the needs 
identified most often originated with legislation, with surveys of school 
system or states, or with committees or conferences involving knovrledgeable 
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persons Rarely did the basis for need identification involve research, 
other than a survey or opinionaire. In only a very few cases was science 
included as a result of collecting information from persons in a system- 
wide or statewide survey. It appears that the point of access to influ- 
encing educational concerns is legislation. This will be considered in 
more detail in the section dealing with needs related to science education. 

Financing 

The cost of education is clearly one of the most important concerns 
throughout the nation today. In California, a sample of 2000 parents, 
tear\ers, principals, superintendents and school board members rated 
financing the biggest single problem facing the schools ("California 
Survey Results,*' Education Training Market R€iport > 1975), Similarly, 
in a report by the Colorado State Department of Education, school 
districts in the state rated financing among the top operational priori- 
ties for their respective schools ( Priorities in Education,,, , 1976) , 
A survey of over 400 school board members, their spouses, board secretaries, 
and school superintendents in Iowa reported that the loss of state funds 
due to declining enrollments was the most pressing problem in Iowa education 
("Education Survey," DPI Dispatch , 1976), Oregonians indicated the same 
concern for financing in a survey conducted by the Oregon State Board of 
Education which involved holding "Tovn Meetings" throughout the state 
(Wright, 1970). 

« 

Financing is not a concern limited by state boundaries. In June, 1970, 
questionnaires were sent to all chief state school officers, executive 
officers of state boards of higher education, state board associations, and 
state education associations. Responses were received from 46 states. 
With respect to finances, the report notes:, "Outstanding in their dominance 
of the reporting were issues related to local school district financing" 
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(Wing, 1971, p. 121). In a later survey of the states, the Education 
Commission of the States also reports that the states rated school financ- 
ing at the top of the list of problems facing education ( Legislation: 
Achievements > > ♦ , 1972 j-,-^ Nor is concern for this problem limited to people 
directly involved in the educational process. In 1971 a survey revealed 
that most Americans rated financial crisis as the number one problem in 
the public schools (Gallup, 1971). 

Financing, of course, affects the total school program. When funds 
are reduced, the program must be adjusted accordingly. This typically 
means dropping specific courses or programs and reassignment of personnel. 
When financial support (especially external support) for a particular 
program is removed, the program rarely survives (Helgeson, 1971c). Because 
science is usually ranked lower in priority than some other segments of 
the curriculum, the science program is among those which are influenced 
earliest by changes in financing. 

Clearly, school financing problems are pervasive, persistent, and 
potentially pernicious. 

\ 

\^ Basic Skills 

Increased emphasis on basic skills is reflected widely in the literature 
reviewed. The General Assembly of Virginia specifies as the first standard, 
of quality for education achievement in basic learning skills and specifies 
that minimum educational objectives shall be established in reading, communi- 
cations, and mathematics skills by September, 1978 ( Standards of Quality 

\ 

and Ob^jectives. . . , 1976). Basic skills are included among the top ten 
goals listed for education in Massachusetts ( Educational Goals for Massa- 
chusetts , 1971). As a result of the data gathered in 1973 for the state 
of Indiana, the top educational needs identified included increased stress 
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on higgler cognitive skill development and basic mathematics ( Indiana Needs 

/ 

Arsea4ment Project , 1974). In Colorado, a survey of school districts 
within the state revealed that basic skills topped the list of program 
priorities cor students. This concern was especially predominant among 
those districts with the most progress in educational accountability 
( Priorities in Education. . . , 1976) • 

These needs are not limited to the state level as can be seen by 
the Appalachian Education Project Tec :al Reports (Mertens and Bramble, 
1976a/ 1976b) and by the Eight State Project ( Designing Education for the 
Future. . . , 1969). Moreover, they are a particular concern for ethnic 
and minority groups such as the Hispanos ("Hispanic Youths...," NAEP 
Newsletter, Jun^, 1977; Fernandez et al., 1975) and the American Indians 
(Bass, 1971). In a synthesis of 99 research studies related to urban 
disadvantaged pupils, McCloskey (1967) noted that one of three major needs 
was to aid pupils in developing reading, writing, and communication skills. 
Similar concerns can also be deduced at the national level from the Ele- 
mentary and Secondary Education Act, Title III, Title IV, and Title V, 
from the National Defense Education Act, and from the National Assessment 
of Kducntional Progress ("Study Traces Achievement 'Profiles' ", 1977) • 

As a major need facing education, the basic skills are almoHt Invariably 
viewed as Including reading, mathematics (especially computational skillfl), 
comraunicatioa and language arts skills (both written and oral), and 
^ fundamental knowledge in other areas. It is only in this last category 
that concern for science is indicated, and then only rarely, when the 
needs are determined by surveys of the population in general. Based 
upon the fact that much of the activity in science education stems largely from 
the influence of nationally legislated programs, it appears that the most 
accessible entry to the ecfucational program in science is throu^ legislation. 
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Equal Educational Opportunity 

Equal educational opportunity was identified as a major need at 
national, regional, and state levels. The increased mobility of the 
American population has givan rise to a national perspective on education 
which recognizes this ':oncern on a broad basis ( Educational Research; 
Limits and Opportunities , National Institute of Education, 1977) • Equality 
of opportunity is a need for ethnic and racial minorities (Olson, 1970; 
Williams and Nusberg, 1973) for females ("Education Survey", 1976), and 
for both inner city and rural studeats, who are viewed, in many cases. 



as facing deprived conditions ( Educational Research: Limits and Opportuni- 
ities , 1977). ' These needs may vary somewhat from one region to the next; 
for example, needs specific to American Indians are indicated in the West 
and Southwest (Bass, 1971), The Hispanic students score below their con- 
temporaries in achievement ("Hispanic Youths...", NAEP Newsletter , 1977; 
Fernandez et al., 1975), and inner city and rural students may both be 
deprived, although in somewhat different ways ( Educational Research: Limits 
and Opportunities , 1977; Mertens and Bramble, 1976b). Yet the overall 
nroblem is one of extending educational opportunity (Wright, 1970; The 
Report of the Citizens Commission on Basic Education , 1973), or, it has 
been suggested as a more viable goal, equal access to appropriate education 
(Thomas and Harman, 1972). 

The implications for science education derive from those for the 
program as a whole. While the science content involved need not vary 
markedly, the approach to instruction must reflect cognizance of differing 
student backgrounds, environments, experiences and language structures. 
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Accountability/Assessment 

Accountability is generally considered to have begun with ESEA Title I 
in 1965 in which each local education agency was charged with providing an 
evaluation of prpg'-uin effectiveness with respect to the educationally deprived 
(Law, 1971). The whole issue of accountability has become closely inter- 
twined with needs assessment and both areas are often grouped together 
with testing (Ross, 1973a). 

Basic causes for accountability pressures are high cost and low pupil 
achievement (Young, 1971). The old assumption had been that the needs of 
education were unlimited and, with limited funds available, the problem 
was to get the most for the money spent. A better approach is to set 
limited educational needs and then find the uost cost effective way to 
achieve those needs ( State Educational Assessment Progtrams , 1971). However, 
because achievement can be measured, that is most often what is assessed; 
within achievement, it appears there is a tendency to measure the lower 
levels of understanding. As Turnbull says: "If you give a small boy a 
hammer, he will find that a great many things need pounding." (1971, p. 3). 

By 1973 some kind of accountability system was require in 23 states. 
The major types are indicated in Table 13. 

TABLE 13 



Major Types of Accountability Systems and Number of State Adoptions 
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Types of State - 
Accountability Systems 


Number cf 
State Adorations 


Planning, Programming, Budgeting Systems 


7 


Management Information Systems 


2 


Uniform Accounting Systems 


4 


State Testing and Assessment 


13 


Evaluation of Professional Employees 


8 


Performance Contracting 


1 



(Buchmiller, 1973, p. 4) isalSS 



The mofcit connnon requirement was state assessment (13 states) and the 
most frequently specified component was student achievement (12 states). 
Eight states specified that the basic academic skill areas be assessed. 
The pattern of major coi^onents within the state assessment programs is 
presented in Table 14. The most common reason for adoption of state 
assessment programs, according to Buchmiller, (1973) were the improvement of 
puoil performance, evaluation of educational programs, and the identification 
of performance levels in relationship to educational neetis. 

The effectiveness of the various systems is not clearly supported. 
House, Rivers and Stufflebeam (1974) in an assessment of the Michigan 
accountability system, found that the system was not working well and that 
the strongest support was from the state department personnel who were 
working with it. The authors strongly discouraged tying financial support 
to achievement gain scores of students since there was too little evidence 
to support any relationship between schools, teaching, and achievement, 
especially when achievement was measured with standardized tests (p. 23). 

While 35 states currently have seme form of education accountability 
laws, legislative interest appears to be waning ("Accountability'', 1977). 
Those states having accountability legislation are listed in Table 15 . 

Performance contracting was first applied to public schools in IS 69. 
By 1971 over a hundred schools were trying it, mostly in mathematics and 
reading. Several difficulties attended performance contracting. Standard- 
ized tests were often used, many times in instances in which they w<^re 
inappropriate. A wide variety of diverse intruments (119) were administered, 
many of which were neither valid nor reliable. And, the tendency persisted 
to assess only those goals that could easily be measured (S tucker and Hall, 
1971). R.R. Anderson (1973) reports the evidence suggested equivocal results 




TABLI- 14 



MAJOR COMPONENTS OF STAir ASSESSMENT PROGRAMS 



Characterls tics 



State educational goals and/or objectives 
Citizen involvement 
Performance objectives 
Achievement testing 

School .program and curriculum evaluation 

Required performance analysis 

SFA assistance to LEA's 

Norm- referenced tests specified 

Criterion-referenced tests specified 

Intelligence tests specified 

Requires non^-achievement variables 

Requires comparative data 

Specified basic skills 

Implies? other areas 

Specified grade levels 

Specified age levels 

Use Results for ; 

Improvement of pupil performance 

Program evaluation 

Id entify status and needs 

(Buchmiller, 1973, p. 7)- 
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Number of States Requiring 

6 

1 

7 
12 
12 

2 

6 

4 

1 

X 

2 
6 
8 
6 
2 
1 

5 
10 

6 . 
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TABLE 15 



States With Some Form of Accountability Legislation 



Alaska \ 


Kansas 


Ohio 


Arizona 


Louisiana 


Oklahoma 


Arkansas 


Maryland 


Oregon 


California 


I4assachusetts 


Pennsylvania 


Colorado 


Michigan 


Rhode Island 


Connecticut 


Minnesota 


South Dakota 


Florida 


Mississippi 


Texas 


Georgia 


Nebraska 


Utah 


Hawaii 


Nevada 


Virginia 


Illinois 


New Jersey 


Washington 


Indiana 


New Mexico 


Wisconsin 


Iowa 


New York 





("Accountability," Legislative Review , 1977) 
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at best; in part because of problems with the evaluation itself. He concludes 
that Che evidence is not strong enough to support performance contracting, 
apparently a view held by many, since interest appears to be fading. 

Interest in performance, on the other hand, persists as indicated by 
an increase in the number of states with coriq)etency-based education and 
minimal competency requirements for promotion or graduation. Assessment 
based on performance objectives is being used in some cases to set educa- 
tional goals and identify needs. An example of this is the Kentucky 
Educational Assessment Program in which the sequence Includes setting 
general goals, performance objectives, criteria for performance (eg., 
50% ^f students will reach criterion level of 67%); and measuring or testing. 
In this case a need is identified according to the formula: 

Expected Performance - Actual Performance « 
Results Below Expectation = An Educational Need 

(Kentucky Department of Education, 1975) . 

More often, the performance objectives are established to determine whether 

or not the student is to be promoted or graduated. At this time, only 

Florida has banned the use of "social promotion" and mandates grade 

promotion based on performance. As a logical extension of performance 

based promotion, the concept of "early out" testing is being implemented 

in California and under consideration in Florida (Education Commission of 

the States, "Update IV", 1977), States which have, or are considering, minimal 

competency requirements are listed in Tabl** 16. 

As is the case for basic skills required by state guidelines, science is 

often not included among the areas for which minimal competencies are requirGl. 

Some litates currently include science (e,g,, Michigan., Florida, Virginia) and 

olhern .re bpp.lnnlnH to dpveiop api"* I f Irfllloufi for kcUmut (o»p,»»Nrw York, 

Ohio). 
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TABLE 16 



Summary of State Activity in 
Minimal Competency Requirements 





State Board of 


Legislation 


Education Ruling 


California 


Arizona 


Colorado 


Georgia 


Florida 


Delaware 


Maryland 


Idaho 


New Jersey 


• Kentucky 


Virginia 


Maryland 


Washington 


Michigan ' 


Louisiana 


Missouri 




Nebraska 




New Hampshire 




New Mexico 




New York 




Oklahoma 




Oregon 




Rhode Island 




Veriront 


Pending Legislation 


Alabama 


Massachusetts 


Arizona 


Minnesota 


Arkansas 


New Hampshire 


California 


Nevada 


Florida 


New Jerspy 


Illinois 


North Carolina 


Iowa 


Ohio 


Kansas 


Pennsylvania 


Louisinna 


South Carolina 


Maine 


Tennessee 


Maryland 


Texas 




Washington 



(Education Commission of the Gfates, June 15, 1977) 
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Competency or performance based education has both advantages and 
disadvantages. In the first category is the identification of objectives 
that help to clarify the Intended outcomes of instruction. This clarif- 
ication also aids in evaluating how well the educational program is 
doing what it intended, and, if successful, aid in increasing credibility. 
Finally, carefully defined objectives should aid in the efficiency of 
education by reducing unnecessary study and decreasing overlapping in programs. 

Among the disadvantages is that it tends to limit teaching outcomes 
to observable behaviors. Process goals involving wide ranges of behavior 
over long periods of time do not fit well into such a scheme. Another 
disadvantage is the conception of knowledge being recalled on cue; per- 
cep^tional and conceptional frames which permit the individual to encounter 
new experiences do not function by simple retrieval of a single skill or 
item of information. Tf the need for broad generalizations to provide 
building frames for understanding ?nd interpretation is a correct theory 
of transfer, strictly applied competency based education would negate 
such transfer. On a practical note, the very task of writing objectives is 
difficult and time consuming. And, finally, the cost of a competency 
approach may be greater than that of a more conventional approach (Broudy, 



Cawelti (1977) is also concerned with competency based education 
and considers the following as some of the most urgent caveats of the 
competency movement: 



#A proliferation of testing: mst states are adding 
an additional testing program on top of SAT, ACT, CEEB, 
and an already existing standardized testing program 
in the district (plus NAEP if participating). 

• If promotion from eighth grade of high school 
graduation is to be denied students who do not attain 
competencies, our country will be reverting to an 
elitist educational system similar to vhat existed 
ixi earlier years. 



1975, pp. 6-7). 




•The tendency toward a serious imbalance in the curri- 
culum as subjects such as art', music, and drama are 
driven out in the quest for high reading scores. 

• The publications of test, scores by building may be 
of more value to real estate agents than educators;, 
invidious comparisons are made and what pride a school 
may have developed is often lost as this is done. 

(p. 2) 

In 1973 some type of program management accountability was required in 
13 states (Buchmiller, 1973). The majority (7) of these involved planning, 
programing, budgeting systems (PPBS). Within a year, Hawthorne (1974) 
reported 34 state adoptions requiring accountability in program management. 
Of these adoptions, 16 involved PPBS, 5 were management information systems, 
5 included management by objectives, and 8 required uniform accounting 
systems. The concern for cost effectiveness seems clear. 

Career Education 

Education has always been, to a greater or lesser extent, concerned 
with preparing students for the world of work. This concern appears to have 
increased during recent years. Part of this concern may stem from the 
availability of funds through the Vocational Education Act of 1963, but 
the widespread evidence in the literature suggests that concern is not 
limited by, or to, this Act. Virginia lists career preparation as the 
second in its ten standards of quality and objectives ( Standards of Quality 
and Ob jectives . . . > 1976). By 1978, Oregon will require a minimiim of 130 
clock hours of instruction in career education for graduation from high 
school (Clark and Scott, 1976). Colorado includes improvement of oppor- 
tunities in vocational and other career education as one of the program 
priorities as reported by school districts ( Priorities in Education... , 
1^76). Massachusetts specifies occupational competence as one of its ten 
educational goals (Educational Goalt> for Massachusetts , 1971). 
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Caijeer concerns are included in city and regional as well as in state 

/ 

assessments, AioDng the specific inservice training needed in the Appalachian 
region is career counseling, career education and vocational education 
(Mertens and Bramble, C1976b)4 Severe weaknesses in the career preparation 
of high school students are reported by Walberg and Sigler (1975) • Responses 
to a survey of 20 chief personnel managers of 17 Chicago corporations revealed 
that most believed that less than 40% of the high school graduates were 
ready for employment with their existing high school backgrounds. Such 
a problem has existed for some time. Among the seven crucial issues ident- ^ 
ified as facing the states was vocational-technical education ("Seven Crucial 
Issues in Education...," 1967). That this is not a narrowly held view 
is reflected by the fact that Gallup reported, in his fourth annual poll 
of attitudes toward education, that 44% of the public believes that one 
of the goals of the schools should be 'o prepare students to get better 
jobs. This finding had the highest percentage of agreement of those repo 
(Gallup, 1972). A large segment of the American public clearly sees 

education as having a major responsibility for preparing youth for career^s. 

I 

^ This implies that science education must reflect concern for and, | 

awareness of, science related careers if it Is to be consistent with the 
public. This also suggests the possible need for increased emphasis on 
the applications of science rather than exclusively concentrating on basic 
science, * 

Lifelong Learning ■ 

Increasingly, eaucation is being considered a continuous process 
rathe- than a program terminating with a degree or diploma. Michigan reports 
a task of the existing educational system is to prepare children adequately 
for college and other continuing education (*'A Position Statement on Educa- 
LloDul..," 1972). All uHHCHHinent of Colorado's needs revealed an imperative 
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for occupational education on a continuing basis for all ages (Olson, 1970) » 
Continuing and adult education/were also determined to be needs in the 
Appalachian region (Mertens and Bramble, 1976b), While many state guide- 
lines and assessments emphasize the need for continuing education related 
to careers or occupations, several are also concerned with 

ment. An example of this is found in the goals for Washington schools 

i 

which hold that each student should "be conmiitted to lifelong learnings 
and personal growth" (Washington State Board of Education,! 1972, p. 22). 
The concept of lifelong learning l^^ads support to the point made by Williams 

and Nus>>erg 09"3) that schools should perhaps become a part of the infor-/ 

t / 

mation management system and perhaps not the only, nor even the major, 
educational force, / 
Some implications for science education derive from the work by Rowe 

Le 

I 
! 

or she exercises some control over the environment and over the outcomes 
of existing conditions is more likely to exhibit a willingness to learn 
from new information than is the student who believes that outcomes are 
determined by chance with little opportunity of influencing the results. 
Science education programs provide an opportunity to examine phenomena 
where alternative answers are reasonable and where "unsure inferences" are 
appropriate. Such circumstances provide some opportunity for altering the 
student's perspective relative to fate control (Rowe, 1974b, p, 306), 

Dese grega tion 

Surveys of the public often revealed concern for desegregation and 
related problems. A sample of 2000 people in California listed integration- 
desegregation as one of the top eight problems facing the schools. The 
Third Annual Report of the National Council on Educational Research lists 



(1974a, 1974b) related to fate control. The student who believes that /he 
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desegregation among the three major problems of education ( Educational 
Research; Limits and Opportunities , 1977) • Part of the difficulty appears 
to be related to costs, part appears related to busing ("Education Survey," 
1976). Underlying both concerns is the fact that desej^v^igation is, at least 
to some degree, a legislated concern. Thus, another difficulty appears to 
be related to the locus of control of the schools shifting from the local 
level to the state level or even the national level. In any case, the prob- 
lem is complex and persistent and must oe considered among the most critical 
educational needs of the states. 

Because there are cost and time factors involved in desegregation, an 
impact on the school program not unlike that of reduced funding may result 
during the initial phases. The potential implication for science education 
is, again, that of reduced s*:aff or program resulting from diverted finances. 

Exceptional/Special Education 

The handicapped student has .long been of concern in educational systems; 
that this is a continuing concern is apparent from existing state guidelines, 
such as those of Virginia, which require special education programs for stu- 
dents with handicapping conditionr (Standards of Qua.1 ity and Objectives... , 
1976). Many states have legislated requirements providing for special educa- 
tion (House Bill 2256, State of Arizona, 1973) and/or regulations which 
specify that alternative programs be available for students when the educa- 
tional objectives cannot be met in the regular program ( Rules > Regulations, 
a nd Minimum Standard s, Tennessee State Board of Education, 1976). Recently, 
more attention appears to be. focused on the talented and the gifted student. 
This appears both in state policies ( Standards of Quality and Objectives... , 
1976) and in surveys ( Priorities in Education... , 1976). With mainstreaming 
becoming a large scale trend, teachers rate high the need for training for 
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instructing the exceptional child, with concern for the gifted a high 
priority (Mertens and Bramble, 1976b). 

There are implications for science education in at least two areas 
related to the exceptional child. The first is in program or curriculum 
development which provides opportunities for the gifted or exceptional 
student. The second is for science teacher education, both preservice 
and inservice, for dealing with such students. 

Dropouts 

School dropouts are viewed as an important concern at many levels. 
Programs to- prevent or reduce dropouts are in some instances identified 
as objectives for expenditure of ESEA Title IV funds (Ohio State Depart- 
ment of Education, 1977; •'Profiles of Studies 1976-1977, South Carolina 
State Department of Education, 1977). Unfortunately, dropout rates tend 
to be higher among those students who are lower in achievement, thus 
exacerbating the condition (Bass, 1971). Even in cases where overall 
achievement is above national norms, need for programs for the potential 
dropout is indicated ( State Educational Evaluation. >> , Kanass State 
Department of Education, 1970). 

Reducing the number of dropouts (in effect, increasing the holding 
power of the schools) would have an impact on science enrollment. The 
existing pattern is for higher percentages of student enrollments in 
grades 9 and 10, during which time most SLudents take general science or 
biology. Reducing the number of dropouts would thus result in an 
increase in the percentages of students enrolled in biology and general 
science. There would not likely be corresponding increases in chemistry 
or physics enrollments unless there was a marked shift in the pattern of 
enrollment .generally. 
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Individualization 

Williams and Nusberg (1973) cite the ''youth revolt" of the 1960's 
as one of the nu^jor factors resulting In new policy needs to deal with 
students themselves. The trend toward humanism Is noticeable In the 
educational goals and needs reported In the literature. Dealing with 
the student as an Individual has at least two components. Because learn- 
ing Is an Individual act, Instractlon should be Individualized to account 
for student dirferences (Rowell, 1975) • There Is also the aspect of the 
student's self development In terms of personal values, self Image, and 
self fulfillment. It is in this area that Increased attention Is being 
paid. Development of personal values is held to be an Important goal in 
several instances (Nyqulst, 1974; DePew et al. , 1976; Goals and Needs of 
Maryland Public Education. . . , 1972) , as is self development in terms of a 
positive self image ( Priorities in Education. .. > 1976; Colburg, 1975). 
Although there is no evidence that such is the case, the potential 'exists 
for conflict between the needs of the student as an individual and the 
minimal competencies required in some states. 

The implications for science education Involve both horns of the 
dilemma. On the one hand (or horn) , science offers a high potential for 
laboratory oriented, student centered learning activities which can be 
utilized for increasing individualization of lnstructfcrirr--On_tbe^ other , 
the development of minimal competency requirements can easily lead to 
standard levels of achievement demanded for all students with the only 
individualization being the variation in time needed for accomplishing 
the specified levels. It appears that care will be necessary to provide 
for alternative approaches to competency if science instruction is to be 
individualized . 
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Discipline 

With respect to students, another kind of need Is also reported In 
the literature^ the need for dealing with discipline probleris* Discipline 
is listed as one of three major problems of education in the Third Annual 
Repot t of the National Council on Educational Research ( Educational Research; 
Limits and Opportunitie s > 1977). The sample of 2000 people in the Cali- 
fornia survey also listed discipline as a problem, along with the possibly 
related problem of lack of parental interest ("California Survey Results," 
1975). Among the operational priorities for schools reported by Colorado 
school districts was meeting public concerns about discipline (Priorities 
in iducation. . . , 1976). A factor related to discipline, the poorly moti- 
vated, was reported as a major concern by Olson (1970). A survey of a 
statistically valid statewide sample of the population of Oregon revealed 
that the need ranked first in priority was: "Students need to develop 
behaviors indicative of self-discipline and respect for authority," 
(Wright, 1970, p. 35). This was identified as a program concern by adding 
a fourth "R" - Responsibility - as a basic of education. 

Student management and dls ne problems are complex. Involving 
lack of Interest by both students and parents, low motivation, student 
failure and other interrelated factors, and concern is widespread. Several 
implications emerge when reviewing potential discipline problems in science 
education. Lawrenz (1974) noted that ti^achers indicated they had more 
discipline problems with junior high school students in part because the 
materials were less relevant than were the materials for high schools. 
When science is taught in an activity oriented mode, the potential problems 
arising from disciplinary difficulties are likely to be exacerbated by the 
less rigid structure of such an approach. Finally, the potential for 
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reduced safety resulting from increased discipline problems presents a 
clear danger in the science laboratory (Garner, 1972). 

Health - Physical Fi tness 

Educational needs reported in the literature include the physical 
as well as the intellectual and affective domains. Many states include 
physical, mental, and emotional well being ( Goals and Needs of Maryla.^d 
Public Education... , 1972; Nyquist, 1974; Seiverling, 1976). 
In some cases sufficient importance is placed on health education to 
include it among the categories for funding under Title IV (Ohio Depart- 
ment of Education, 1977). Concern for health and physical fitness is 
not a characteristic of just the highly urbanized states. Kansas includes 
physical fitness as a aeed based upon an evaluation of educational programs 
in the state ( State Educational Evaluation... , 1970). Nearly 7000 people 
were surveyed in Montana to determine educational needs. Second in order 
ot importance is fitness, the need "to develop habits and skills to main- 
tain physical fitness and mental health" (Colburg, 1975). The need for 
education to aid in improving and maintaining physical, mental, and 
emotional well being is widely recognized. 

Concern for health and health sciences has long been reflected in 
the science curriculum. The development of some of the newer science 
programs such as Human Sciences and Me Now reflect the increased attention 
to health indicated as a need for education in general. ^ 

The preceding listing and discussion of educational needs in no way 
exhaust the list of needs that were identified in the literature. Those 
included were needs which appeared often and from a variety of sources in 
the lilerature iiiul represent whnL appear to be the most urgent. The needs 
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of education ars a subset of the needs of society (Turnbull, 1971). To 



determine education's needs, then, it is necessary to turn to society. 

This, of course, presents another set of difficulties. In this regard 

Wright (1970) notes: 

Recognizing the importance of knowiiig what 
people think schools should do and finding 
out what people think are two different 
things. Mark Twain said the way to get rid 
of submarines was to boil the ocean; figuring 
out how to boil the ocean was another problem. 

(p. 33). 
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SCIENCE EDUCATION NEEDS 
Just as the needs of edur^ticnare u subset of the needs of society, 
the needs of science education are a subset of the^ needs of education. 
The following needs are those which appear most critical in science 
education. They derive from legislation, from state educational policy 
guidelines, from committees and conferenc^.s , from research studies and 
surveys, and in some instances from broader educational needs described 
earlier. 



1. Stabilized and improved funding is a critical need in science 
education. 

2. A basic and continuing need is for science education that includes :^ 

a. Facts, concepts , principles 

b. Inquiry, investigative processes 

c. Interaction of science and society 

d. Appreciations and attitudes 

e. Career knowledge and awareness 

f. Relationships of self and environment 

3. Improved science teacher education, particularly for inservice 
teachers, is an important need. 

i 

4. Curriculum and instructional materials "are needed that are more 
flexible, are appropriate for a wider range of student abilities, 
and that reflect emerging societal concerns. 

5. Continuing research in science teaching and learning is vitally needed. 



Fund I nK 

Improved financing has been widely identified a'j the greatest single 
need facing education ('^California Survey Results,'* 1975; "Education Survey," 
1976; Wing, 1971; Gallup, 1971). The implications of decreased funding for 
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science education are net yet, for the most part,* well documented in the* 
literature. However, discussions with personnel in various state departments 
-^of education reveal several problems that stem from reduced finances. 
First, Bnd probable most worrisome, was the assignment of teachers to \ 
second and third teaching areas, either in addition to, or instead of, 
assignments to major areas of specialties. In the view of most, this has 
led, and will continue to lead, to lowered educational quality due to 
less-adequate teacher backgrounds. A second problem noted was an increase 
in class size. In addition to potentially lower quality education under 
this circumstance, there was increased concern with safety in the classroom, 
particularly if laboratory instruction is involved. A third problem cited 
was the reduced funds available for purchasing materials, equipment, and 
supplies. State departments indicate that teachers reflect increasing 
concern for lower cost materials and for increased inservice assistance 
as budgets decrease. 

Still another problem involves small rural schools and large urban 
scljools competing for the same basis of funding but with. quite dissimilar 
problems. Within each set of problems there are still further compounding 
factors. For example, in the case of the rural versus the urban schools, 
the small school typically 'offers fewer program alternatives under good 
conditions. In times of reduced budgets the small schools may be dis- 
proportionately affected by losing some of the options that they may have 
had. 

A budgetary problem impacting directly at the state level can be 
seen in the recent trend of fewer supervisors in the discipline areas and 
altered assignments for state department, of education personnel. The 
number of state science supervisors rose with the increase of funds fo*- 
science education (notably from NDEA and NSF) and has fallen as monies 
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are reduced, (Pearson and Fuller, 1969b; Wirt, 1977). State level supervisors 
are now often operating out of their areas of specialty. Alternatively, 
many generalists now are attempting to deal with special areas. In either 
case, this problem incre^ses the difficulty at the school level where 
•.eachers are requesting increast^d inservice assistance from reduced state 
department staffs. 

The problem of funding for science education does not appear to be one 
to solve simply by channeling money into the educational system. The impact 
of legislation on education, in s^eneral, and on science education in 
particular, has been discussed earlier in this report. It seems clear that 
an effective approach would be to establish the priorities or objectives 
in science education and then fund the program accordingly. In trying to 
accomplish specific objectives, funding by categorical programs is more 
effective than is funding by block grants (Wirt, 197*^; Milstein, 1976). 

Science Education Objectives/Components 

The objectives for science education have remained relatively 
stable over the past 20 years. Carleton, in the introdu.ction to a special 

issue of The" Bulletin of the National Association of Secondary-School 

P rincipals , noted that a sound, well-planned program of science could 

cofitribute to all the imperative needs of youth as outlined in Planning for 

^rican Youth . Tlie most directly served need was No. 6: "All youth need 

to understand the methods of science, the influence of science on human life, 

and the main scientific facts of the nature of the world and man" (1953, p. 7). 

Shortly after this, of course, considerable federal money, through NSF, 

was 'devoted to science educ<?tion in an attempt to update and upgrade the 

scientific knowledge of teachers (Kreighbaum and Rawson, 1969; The National 

Science Foundation Curriculum , 1976). \ .a emphasis at this point 

was on the factual and conceptual knowledge need for competency in science. 

b 
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Hurd (1960), in the NSSE 59th Yearbook, listed the following objectives . 

of science education: 

•Understanding Science - including knowledge and enterprise 
•Problem-Solving - involving process and inquiry 

•The Social Aspects of Science -interdependence' of science and society 

•Appreciations - including the endeavore of scientists 

•Attitudes - understanding of attitudes of science 

•Careers - knowledge of career opportunities 

•Abilities - acquire knowledge for improving learning skills 

Stolberg et al. (1961), in Planning for Excellence in Hi^h School 

Science , regard science as 

a human erterprise including the. ongoing process 
of seeking explanations and understanding of the 
natural world, and also including that which the 
process p oduces - man's storehouse of knowledge. 
Science is process and product (p. 15). 

Other activities, such as NSF-sponsored curriculum development, also reflected 

increase ' concern with the processes of science and science as inquiry 

( National Science Foundation Curriculum Develoment . . . , 1976) . 

During the sixties, state goals and guidelines for science education 
included both process and product aspects of science and retained features 
included in the earlier literature. As an example, in A Guide to Science 
Curriculum Development for Wisconsin, the frar^ework for development included: 
(1) conceptual structure, (2) processes of science, (3) nature of the scient- 
ific enterprise, including philosophy of science and actions of scientist, 
and, (4) cultural implications of science ( A Guide to Science Curriculum 
Development , c. 1968). 

In a recent listing of state goals for elementary and secondary 
education, Ribble (1973) presented responses from 42 states. General concerns 
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related to science could be inferred from nearly all stated listings of 
goals. Specific references to science goals were indicated by 23 states. 
It should be noted that 19 of the 42 responding states reported no specific 
science goals for this summary. The distribution of components of science 
education for the science goals of the states is presented in Table 17 on the 
following page. 

From the table it is apparent that the emphasis is most often placed 
upon what might be called the structure of science: the facts, concepts and 
principles. This may be due in part to concern over declining ACT test scores 
(Table 18). 

As indicated in the table, the composite ACT scores have shown a 
declining tenft^:ncy since 1965-66. It should be noted, however, that natural 
science S'^ores have increased in recent years. 

A decline in science knowledge as indicated by NAEP scores ("Science 
Knowledge Declines /'NAEP, 1975) may also be a factor in the emphasis on 
science facts, concepts and principles. Several possible, explanations for 
these declining scores have been suggested including invalid tests, 
failure of schools, student indifference, increasing family size, and 
"enjoying more, but learning less" (Welch, 1977b). 

Anotaer factor related to the emphasis on the structure of science 
may be accountability pressure resulting in an emphasis on those factors 
which can be more readily measured. Or, the emphasis may be related to 
overall concern with b'-^.ic skil?s in education. 

Aitliougb concern is not yet widely reported in the science education 
literature, discussions with state level personnel Indicate increasing 
Interest U life and work skills related to science, concern for ecological 
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TABLE 17 

DISTRIBUTION OF SCIENCE EDUCATION 
COMPONENTS AS REPORTED IN STATE 
GOALS FOR EDUCATION 



Component Nuinber of States 

Including Component 



Facts , Concepts , Principles 


17 


Process , Inquiry .Investigation 


8 


Science-Society Interaction 


3 


Appreciation .Attitude 


6 


Self and Environment 


6 



/ 

/' 

/ 

/ 

/ 

I 
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ACT TEST SCORE AVERAGES (MEANS) AND VARIABILITY (SD'S) 
FOR SUCCESSIVE YEARS OF TESTED COLLEGE-BOUND STUDENTS 



School 
Year^- 



ACT Natural 

Science 
Mean (SD) 



ACT Comprehensive 
Mean (SD) 



1964- 


-05 


20 


.4 


(6. 


1) 


19.9 


(5. 


2) 


1965- 


•66 


20 


.5 


(6. 


i) 


20.0 


(5 


2) 


1966- 


-67 


20 


.1 


(6. 


3) 


19.4 


(5 


4) 


1967- 


•68 


19 


.8 


(6. 


5) 


19.0 


(5 


5) 


1S68- 


-69 


20 


.0 


(6. 


4) 


19.4 


(5 


3) 


1969- 


-70 


20 


.5 


(6 


1) 


19.5 


(5 


.3) 


1970- 


-71 


20 


.2 


(6 


4) 


18.9 


(5 


.6) 


1971- 


-72 


20 


.3 


(6 


.5) 


18.8 


(5 


.7) 


1972- 


-73 


20 


.5 


(6 


.5) 


18.9 


(5 


.8) 


1973- 


-74 


20 


.6 


(6 


.5) 


18.7 


(5 


.8) 



(adapted from Nat ional Scie T. ce roundation Curriculum Development and 
I mplementation for Pre-CclleRe Jc ienc e Educ atiois 1976, p. 537) 
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problems and for the impact of science and technology on society. It 

is worthy of note chat the third science study by NAEP will include 

exercises developed to reflect current technological and societal issues 

as well as content from the traditional science courses. A basic life 

skills assessment is also being undertaken as part of a pilot study to 

identify and measure skill deemed by subject matter specialists and lay 

panels as important for 17 year olds to have in order to cope with life 

after leaving high school ("Third Science Study...," NAEP Newsletter , 

October, 1976). In a related view, Hurd , in the same issue of the NAEP 

NewsJ^etter, says: 

The focus of science teaching over the past 
two decades has been on inquiry - how we 
acquire knowledge. In addition, students 
should be taught how to use knowledge for 
making decisions about problems and issues 
important to human welfare, (p. 4). 
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Teachar Education 

Because teacher education has been dealt with in detail elsewhere 
in this report, this section will be limited to a consideration of the 
need for improved inservice education. 

During the earlier part of the past two decades considerable effort 
and money were devoted to inservice science teacher education, Inservice 
programs were supported by Title III funds, by NDEA funJs, and by Projects 
to Advance Creativity in Education (PACE), Some inservic^ programs were 
funded by various states and many were funded at the local level. 
Commercial publishers also conducted some inservice education (Blosser, 
1969a, 1969b), The largest single source of support, however, was the 
Natijnal Science Foundation Teacher Institute Program which fncluded tbe 
Academic Year Institutes (AYI) , Summer Institutes (SI), and the, Cooperative- 
College School Programs (CCSP) a? proininent factors in science teacher 
inservice education (Kreighbaum and Rawson, 1969), 

The impact of these institutes was widospread. Schlessinger et al, 
(1973) report that over half the secondary school science teachers in their 
national sample had attended one or more NSF institutes,. However, with 
reduced funding from federal sources and increased demands on tighter 
budgets at the state and local levels, emphasis on inservice science education 
has declined since the early 1970 \s. Although a large number of teachers 
have been involved in the institutes, there is also a large population of 
science teachers who have not had :j-nstitute experience a.s indicated by the 
teachers in the nation^^l survey who reported no xnstitue attendance. White 
et al, (1974) reported that institute attendees were likely to be more 
experienced, higher educated, older males from larger schools. This finding, 
together with an increase in the number of women who are returning to careers 

after their families are grown, 9uggests there is a substantial number of 
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people in science education who could benefit from inservice education. 
Moreover, at the elementary school level, Steiner et al. (1974) found that 
the national mean of elementary teachers who had attended an NSF institute 
was 14%. Thus, there is a potentiv^lly large population of teachers with 
little or no inservice science education experience. 

The inservice needs reported by teachers vary. Mertens and Bramble 
(1976b) report that the needs of inservice education include programs aimed 
at aiding teachers in dealing with studants from minority groups, enabling 
them to better understand the students* cultural heritage and special needs 
as related to the ourse(s) being taught. They also note a particular concern 
for' training in working with the gifted student. 

Lawrenz (1974) reported a study in which junior and senior high 

school teachers in 12 states were asked to rate their own skills. The 

item receiving the lowest rating was the teachers* knowledge of curriculum 

techniques. Lawrenz concluded that inservice programs should be in the 

form of summer institutes and should stress curriculum techniques and the 
use of evaluation to diagnose learning problems. Individualized instruction 

was another area of concern alcag with the need for information about 

science careers. 

Falls and Fryman (1974) surveyed the needs in science and mathematics 
in the Appalachian region of eastern Kentucky, They found that 92% of 'the 
science teachex^s wanted to learn more about recent advances In science. 
Approximately 74% felt they needed co improve their understanding of basic 
science concepts; this is in contrast to the finding repotted by Lawrenz 
which indicated that teachers wer^ not very interested in Lnservice courses 
and at improving their knowledge of subject matter. Falls and Fryman 
also reported that over 50% of the science teachers in the survey had 
not attended a workshop or similar inservice function in over Txve years; 
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half of that group had not had any Inservlce activity in over ten years, 
ly^'C-thirds of tKie teachers indicated a lack of training in technical 
presentation, demonstrations, testing, questioning techniques, use of 
audiovic?ual materials, and a total lack of training in laboratory management, 

Stronck (1974) used a questionnaire to determine iaservice education 
needs as perceived by 309 elementary and secondary teachers and administrators. 
Based upon the results, he recommended that inservice programs concentrate 
on (1) the coordination of a K-12 science sequence, (2) recent advances 
in scientific knowledge, (3) the relevancy of scientific concepts to the 
lives of students, (4) the efficient management of curriculum materials, 
(5) individualization of instruction, a: f (6) ways to evaluate the 
quality of instruction (1974, p 508), 

It is clear that needs for inservice education exist. Complete 
agreement on what the needs are and how they should be handled does not 
exist. The situation is summarized by Hitxi: 

Apparently, inservice education is high on everyone's 
agenda. There are felt needs and there are external 
incentives ... ^ 
Unlike the preparation of beginning teachers, inservice 
education has nc tradition of what constitutes a 
basic program. Different perceptions imply different 
sets of values — what ought to be the way to undertake 
professional development. Because values do not 
lend themselves to technical criticism, each definition 
may be legitimate for its supporters . The way inservice 
education is perceived seenis to determine the activ- 
ities and content of programs. Thus, the very 
' dii stent perceptions of inservice education lead 
to equally different programs in operation. ^ (Kite 
and Howey, 1977, p. 5) 

While it does not relat' "irectly to inservice education, a needs 

assessment study conducted by Welch (1977b) clearly has implications for 

science teachers. The study included a sample of 344 science teachers and 

167 principals from a 12 state region. The objectives were to: (1) identify 

needed goals for science education, (2) determine which of several alternative 
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strategies was seen by principals as the best means for accomplishing these 
goals, and (3) identify the components (tactics) of that strategy which 
teachers believed were in greatest need of assistance* 

Welch foun^ that science teachers and principals believed that there 
are three major needs for the functions of science education: (1) information 
processing and decision .aaking skills, (2) basic skills, and (3) the develop- 
ment of self-esteem. Rased upon the principals* responses, the best strategy 
for attending td these goals is preparation and training of instructors. 
Three aspects of instructors preparation are of most importance: (1) time 
available for planning and carrying out the praccice of science teaching, 
(2) support personnel including secretarial and science consultants, and (3) 
facilities such as office space or storage of equipment. 

Based upon the results of the study, Welch concluded that the goals 
of science education can be better achieved by providing time, support and 
facilities to teachers. 
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Curriculum and Instructional Materials 



The past two decades have seen more activity related to development 

and change in curriculum and instructional materi. .s chan has any similar 

period of time in the history of science education. Dede and Hardin (1973) 

briefly describe the societal forces which challenged the traditional 

science courses in the secondary schools and which led to curriculum reform. 

With respect to this activity, Dede and Hardin note: 

The reform movement that emerged from these forces was 
unique to reform movements in American science education 
in several ways. First, it attempted to replace the 
present curriculum rather than revise it. Second, it 
employed leadership from professional scientists in 
universities rather than from educators. Third, it 
used money from foundatioris and federal grants rather 
than the usual state and local sources of funding 
(1973, p. 486). 

The ch.>ui;ec- that this curriculum reform movement were attempting are 



described as folipws: 
From 

1. Student-centered curriculum 
(personal-social goals) . 



To 

1 . Discipline-centered 

curriculum ■ (intellectual 
competency goals ) . 



2. Deductive, teacher-directed 
telling, drill, memorizing. 



3. Informational aspects of 

science; descriptive and applied 



Laboratory work largely 
divorced from classroom 
learning; intended to 
demonstrate, Illustrate, 
or verify known information. 

Teacher chooses sequence 
of learning materials , 
builds course on logical 
organization of information. 



2 . Inductive, Isad-to- 
discovery experiences, 
"solve-the-puzzle*' motivation. 

3. Studen^to "behave as a 
scientist" emphasis on "science 
as a way of knowing" and on 
processes; interpretive and 
theoretical aspects of science. 

4. Laboratory work an integral 
part of courseb> used to raise 
problems, test inquiry skills, 
provide "discovery" opportunities. 



Instructional packages contain 
the whole o£ a teacher's lessons 
(films, lab equipment, t-«.xts, 
tests, etc ) which are pre- 
sequenced according to logical 
structure o£ discipline. 
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From (continued . . *) To (continued . . .) 

6. Teacher^s preservice training 6. Extensive teacher training 
sufficient (and that heavy in in how to use matarials. 
professional education and 

light in knowledge of any 
discipline)-. 

7. Science as "established" 7. Scientific knowledge ever- 
knowledge with emphasis changing; useless unless up- 
on basic facts. dated; attempts to give students 

tools to update their own 
knowledge. 

8. Course units at uniform 8. Course work interrelated; 
level of conceptualization; niriit build upward on previously 
up to teacher to decide learned concepts. 

sequence. 

9. Overview of the entire discipline. 9. Understanding a few concepts 

in depth stressed. 

10. Relate science to new tech- 10. Omit relationship of science to 

nology. technology. 

(Dede and Hardin, 1973, p. 486-487) 
The results of these reforms, according to Dede and Hardin, were mixed 
and criticism of the reforms arose which included: 1) the new curricula 
allowed no room for teacher and student spontaneity, 2) subject matter 
was overemphasized, and 3) the curricula were too difficult for a majority 
of the students. 

With respect to the last criticism, it is interesting to note that 
Conant^.(1959), in The American High School Today , included in his recom- 
mendations for science courses the suggestion that a section of chemistry 
and of physics be offered for students with less mathematical ability but 
that the difficulty level of these section^; be such that those students 
with less than average ability would have difficulty passing the course (p. 73). 

The curricula developed for secondary school science had the structure 
of science as their basis; the emphasis was on basic science and not on 
engineer Ir^ or technology (American Association for the Advancement of Science, 
no date* p. 5;. A similar concern existed at the junior high school level 
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for the teaching of science as a discipline. This concept of discjLpline 
included "the recognition of a logic, a suructure, and a coherence within 
a body of knowledge/' (Hurd, 1970, p-26)- Curriculum development for 
ederoentary school science included the agreement that instruction should^ 
deal in an organized way with science as a whole, but also that the spirit 
of discovery should be stressed in science teaching (Karplus and Thier, 
1967, p. 2). The Educational Policies Commission (1966, p. 27) noted that 
"To communicate the spirit of science and to develop • people's capacity to 
use its values should therefore be among the principal goals of education 
in our. own and every country," 

The new science programs had two common characteristics: a "preference 
for the abstract (theoretical) or *pure* science and involvement of the 
learner in direct inquiry" (Butts, 1969, x) • 

Broudy (1973) noces that theoretical knowledge alone is not sufficient 
for modern society, that technical know-how is required. However, he argues 
the case that theory should be included in the science curriculum on the 
basis that theory is needed to understand and interpret problems encountered 
in life; the ability to apply science to solve problems is not the same, 
thing as uadorstanding them (p. 232), \ 

It is a blend of the cUeoretical, the practical, and the relevant in 
science that should be included in the curriculum. J^cobson (1970) notes 
four goals for the elementary school science curriculum: 1) to build a 
world view, 2) to develop some 'skill in the use of the procesi.^ of science, 

3) to gain an understanding of the conceptual structures of science, and 

4) to gain a better understanding of man and how scisnce and technology 
affect man and his society. 

In considering emerging perspectives for science education in the 1970* 
Kurd (1971) identifies a series of priorities: 
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!♦ Science must be a viable strand in the education of 
every student. 

2* Technological achievements with all their ramifications 
'throughout modern society constitute a new priority in 
science teaching* 

3* Science should be taught in a social context* . ^ 

4* A priority lor learning science in the 1970 's is the format ion^ 
of those values which nay serve to convert loiowledge 
into wisdom and make for responsible social action. 

5. The science curriculum ought to prepare students to 
cope with a world of change, 

6. The process of education should provide the student with 
skills and intellectual attitudes to understand the 
emerging world and to mediate the future; the priority 
becomes how best to teach and learn .the future. 

7. A new educational priority ia how to use knowledge for 
the welfare and advancement of mankind. 

(p. 11-18). 



In a related vein, discussions with people in various state depart- 
ments of education reveal increased interest in life skills and work 
akills as they relate to science education. Discussions with state personnel 
also indicate concern among science teachers for curricular and instructional 
materials that are less expensive and more flexible. Of increasing concern 
is science for the pupil who will not become a scientist, who is not necessar- 

0 

ily college bound, but who will be faced with complex decisions. 

Hurd (1976) has noted that it is Inevitable that science becomes 

more humani^zed: 

As science has become inextricably entwined with 

the economic, social a^id political fabric of the • 

nation, the social responsibility of science 

becomes a topic we cannot afford to ignore in the 

teaching of science, (p. 5) 
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Research 

Suggestions for needed research In science education have been Included 
with nearly every research report, doctoral dissertation, and review of 
research that have appeared In print. Representative selections will be 
presented In attempting to deal with this vast quantity.. The first type 
of documentation will Include the results of two approaches for establishing 
research priorities In science education by the National Association for 
Research In Science Teaching (NARST) . The second type will draw upon 
^ reviews and summaries of research which have In turn reviewed, analyzed and 
synthesized hundreds of research studies. 

The National Association for Research in Science Teaching (NARST) has 
produced two sets of priorities for research in science education. The 
first approach began early in 1974 when officers of the National Association 
for Research in Science^ Teaching were approached by representatives of the 
National Institute of Education (NIE) to inquire Into the possibilities that 
NARST, in cooperation with NIE, would develop a policy statement and 
establish priorities for research in science education. The officers of 
NARST accepted the invitation and appointed a small committee, representing 
diverse views, to develop a statement. 

The committee analyzed science education and considered research 
implications for each of the following areas: 
• Goals of Science Education 
t Science as an Instructional Medium 
tThe Domain of Science 

•Priorities for Research in Science Education 
•Research on Research Styles and Methodology 
•Development of Quality 
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After considerable discussion, the committee chose to concentrate 
on the domain of science education and. to emphasize the eight aspects 
shown in the following table* 

TABLE 19 

DOMAIN OF RESEARCH PRIORITIES FOR SCIENCE EDUCATION 

Antecedents Transactions Outcomes 

Teacher Characteristics Pedagogy Student Attitudes 

Student Characteristics Learning Environment Scientific Literacy 

Social Imperatives Implementation of 

Changes 



(Watson et al., 1976, p. 10) 

Based upon their analysis, the Committee made five recommendations for 

research in science education: 

1. Large scale studies are needed to clarify how cpgnitive and 
affective' outcomes for a wide range of students result from ^ 
student interaction with differing concepts, instructional 
materials, experiences, and learning environments established 
by teachers. 

2*' The development of values and attitudes toward science and the 
appli^,ation of science through technology, as well as coping 
skills and problem-solving abilities, needs to be clarified 
within the context of instruction in science. Both crops- 
sectional and longitudinal studies are desirable. ' 

3. Diagnostic studies, perhaps detailed case studies, are needed 
to reveal the conceptual and emotional blocks which inhibit, 
some students from developing logical thought in science • 

4. Cooperative research efforts between universities are debxrable 
to create large-scale studies of considerable duration and to 
focus the results back upon educational practice. The studies 
suggested in 1) above, as well as establishing test reliability 
and validity, are examples of needed large-scale research 
efforts. These could be coordinated through existing organi- 
zations. 

5. Detailed figures on science enrollments in the schools should 



be gathered annually and published within a year . 



2 Cjg (Watson et al., 1976, p. iii) 
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In April, 4-976, NARST undertook a second approach to establishing research 
Ijriorities. The NARST Research Conimittee .w-^is directed to survey the(5JjARST 
membership to identify those priorities which were perceived to be most 
Important* At the request of the Research Committee, the Science Er^ucation 
Department at the University of Georgia undertook the study. (Butts et al.,1977) 

The Delphi technique was selected as a means of establishing research 
priorities among the NARST '^menhership. In the first phase, a series of 
research topics was identified in response to a request to all members of, 
NARST to nominate three needed are^ of research. Responses from 2A8 
persons listed 729 areas of research. Phase I ended with the categorization 
of the 729 research nominations, resulting in 35 categories identified by 
generic statements. 

-In Phase II, the list of 35 generic statements was mailed to all 780 
members who were requested to rate them on a 1 to 10 priority scale. 

In Phase III of the study, each respondent from Phase II was requested 
to reconsider his or her response in r,elation to those of his or her colleagues. 
Data from Phase III were analyzed in a manner similar to that for Phase II 
and yielded a ranking order for the 3^ statements. 

While the study did not yield the top priority, for research in science 



education, it did indicate which areajS ware a, high priority. The more 
.highly rated research areas were those characterized by: (1) applying 
research to teaching or learning, or (2)' identifying strategies that 

\ 

facilitate teaching or learning. Impli^cit in both areas is the potential 
for changing practices. 

Develooing or testing theory,- develpping materials, and pursuing ^ 
interests in specific populations all wei?e ranked low in the list. 
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Extensive reviews of research have been published beginning with 
the Curtis Digests > Many of the needs identified for research in science 



education have been repeated in several of the reviews subsequent to the 



Digests. Because these needs have been^ noted by several reviewers and 
documented by so many studies, in ojlrder to reduce reduncfancy of citations, 

they will be presented in the form of a listing without specifying the sources 

t 

for each identified need* The sources for the reported needs include: 



Blackwood and Brown, 1955 

Brown, Blackwood and Johnson, 1955 

Smith et al., 1955, 1956 

Boeck et al. , 1956 

Fraser et al. , 1956 

Mallins'on, J., 1956, 1961 

Washton', 1956 

Johnson, 1957 

Mallinson and Mallinson, 1957, 1961 

Matala and McCollum, 1957 

Oboum et al. , 1957 

Smith and Washton,' 1957 

Tyler, 1957 

Wallen, 1957 

Mayor, 1959 

Obourn and Boeck, 1960 
Hubler, 1960 : 
Boeck, 1960 
Smith, 1960 

Boeck and Washton, 1961 

Smith and Homman, 1961 

Metzner and Reiner, 1961 

Lucow and Anderson, 1961 

Obourn, Blackwood and McKibben, 1962 

Wheeler, 1962 

Smith, 1963 

Atkin, 1964 

Belanger 1964, 1969 

Briggs and Angell, 1964 

Burnett, 1964 

Hurd and Rowe, 1964 



Van DxV/enter, 1964 
Taylor et al., 1965 
Johnson et al., 1965 
Lee et al. , 1965^ 
.Bruce, 1969 
Smith, 1969 
Robinson, 1969 
Welch, 1969, lS(71a, 1971b, 

1972, 1976 
Blosser, 1969a, 1969b, 1976 
Haney et al., 1969 
Ramsey, 1969 

Ramsey and Howe, 1969a. 1969b 
Westmeyer et al., 1969 
Champlin, 1970 
Cunningham and Butts, 1970 
Lawlor, 1970 

Montean -and Butzow, 1970 
Ramsey, 1970 
Gallagher, 1971 
Koran, 1972- 

Mallinson, G., 1972, 1977 
Mayer and Wall, 1972 
Trowbridge et al., 1972 ^ 
Anderson, R.D., 1973 
Balzer et al. , 1973 
Novak, 1973 
•Voelker, 1973 
Helgeson, 1974 
Rowe and DeTure, 1975 
Herron et al., 1976 
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• More care in designing research stud'.es and in applying appropriate 
statistical techniques is needed. 

♦Research needs to be reported in more detail^ with attention 
paid to descriptions of samples, inclusion of reliability and 
validity information and the like. ' . ' 

•More needs to be learned about those factors which contribute 
to student learnins* 

•Research is needed which is carefully designed to contribute y 
to development of a theory of learning. 

•There should be a focus on problems which deal with other than 
local conditions and which can be generalized to a larger 
population. 

•Longitudinal studies, rather than one-shot studies, are greatly 
. needed in science education research. 

•An effective, ongoing mechanism for communicating the results 
of research in science education to the classroom practitioners 
is needed if research is to improve classroom instruction. 

There has been increasingly strong concern over declining achievement 
reflected in various assessments of students, since the 1960's. In view of this 
•concern, perhaps an additional comment related to research is appropriate* Thev 
have been many factors suggested as having possible influence on the declining 
scores • These include: socioeconomic status of family; size and spacing of 
family; inct»eased holding power of schools; desegregation; mains t reaming; 
reduced instructional time, either by shortening the school day, by devoting 
time to other subjects or concerns, or by decreasing the number of school 
days; less attention to basic knowledge and skills in teaching; impact of 
television; use of curricula by teachers not ♦familiar, or in disagreement, 
with the underlying philosophy; less failure of students, or grade inflation; 
or, improved attitudes indicating that students may be learning less but 
enjoying science more* While any combination or all of these may contribute 
to decreased achievement, there is relatively little research that deals 
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with more than one or two factors at a time; no literature was found 
th*at encompassed all the identified factors. Regression analysis in 
which the amount of variance attributable to certain factors can be 
determined should be considered in such research to avoid either unduly 
^crediting or disregarding .possible contributing elements. Similarly, 
care must be taken In interpreting existing research which does not 
indicate the amount of variance accounted, for by reported factors. 



199 • 



189 



4 



VI. SUMMARY AND TRENDS 

The statements presented in this section are derived from the ^ 
review of the literature and from the analyses reported in the preceding 
sections of this report. The order of li^^ng doej not> necessarily imply 
an order of importance. 

Practices and Procedures 

• Enrollments have been increasing but are beginning to 
decline, with elementary enrollments declining' earlier 
than secondary, ^ 

• The effect of enrollment change may be heightened by 
emigration of students. 

/ • Just as increasing enrollments tiad an impact on schools^ 

•decreasing enrollments will impact on schools, 
1 particularly financially. 

• Percentage of students enrolled in science has increased 
until 1973-74 and since has reraained relatively stable. 

• Since 1955 there h.s been an increase in* student-centered 
and hands-on instruction but a- substantial percentage 
of students are not involved with such procedures. 

• Stated objectives for elementary school science have 
' not changed significantly since 1955. 

• Objectives for secondary school science appear to be 
in transition. 

/ 

• Tlxere are far more alternatives for instructional 
materials currently than in 1955. Relatively few 
of these are designed for use in an articulated* 
program. 

• The individual classrooih teacher is still the primary 
mode of instruction l^n most classrooms. Less' than 
10% of the schools have, used innovative practices 
such as modular scheduling, television, ^br computer 
assisted instruction inj any consistent manner. 
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• The variables for effective teaching are generally 
agreed upon and the most important, with the current 
mode of instruction, is the teacher. 

• Perceived barriers to effective science teaching 
have not changed appreciably over the past 20 years. 

• About 50% of the students take no science after grade 
t^n. 

• Clasc sizes have been reduced between 1955 and 197-5. . 



Science Teacher Education 

• State certification criteria still do not reflect 
those proposed by professional associations in that 
the professional organizations call for an increase in 
science content. '""•r^ \^ 

• Over the years the guidelines proposed by professionar^^ 
organizations have broadened their focus from science 
content to include such things as Interpersonal relations 
and ability to deal with societal problems. Guidelines 
related to content areas are the most likely to be 
implemented, however. 

• Preservice programs in science education reflect 
increased field experiences andiin general, incresised 
time in the education component. 

• Even though more science is being taugiht at the 
elementary levels elementary teachers are most 
comfortable when science consultants are available. 

• Although secondary schobl science teachers are 

, currently younger and better educated than in the 1950 *s 

there is still a critical need for inservice education, 
both as perceived by the teachers and as indicated by 
research. 

• While NSF and OE did offer intensive institutes IjT 
the late 1960*s and early 1970*s, the majority of 
teachers currently teaching have not participated in 
chese. This is especially true for elementary teachers. 

• The average tenure for teaching was about el^t years 

' in the early 1970 *s, it is currentl^ri.ncreasing. This , 
has implications for inservice education since it 
appears that the more recent graduates are those 
more likely to go back to school. 

• The bulk of the science^ instruction for the secondary 
program is in the junior high school (nearly 50% 

of the students take no science after tenth grade), 
this level has the teachers with the least adequate 
content preparation, poorest facilities, and least 
certification programs available. 
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• Teachers are being lnq)acted upon by the press for 
accountability, the back to basics movement and textbook 

V controversies, but these are rarely the kinds of Issues 
dealt with In their prepartlcn. 

• There Is a critical need for preservice and Inservlce 
science education to be viewed and dealt with as a 
continuous program rather than as discrete entitles 
handled by two different sets of people. 

Controlling and Financing Education 

• The Influence of state governments on science educa- 
tion has increased markedly since 1955. 

\ 

• There is^ extreme variation in state control and Influence, 
but regional patterns do exist, 

• Some examples of areas in which considerable state 
control is exerted are school organization, school 
curriculum, teacher certification and financial support 
for the schools. Science education has been impacted 
both negatively and positively by state influences. 

• The percentage of financial support for the schools 
from faderal and state sources has increased since 
1955; the percentage of financial support ilrom local 
sources has decreased since 1955. 

• Federal support for science education has declined 
since the late 1960's. 

• Since state support tends to follow federal trends, 
state support for science education has also declined 
and is likely to continue to do so. 

Needs Assessment Efforts 

• The greatest single need facing education is an improved program 
of financial support. 

• Pressure for accountability has increased markedly 
within the past ten years. 

• Nearly all's^^ates have some form of accountability 
or assessment procedure. 

• Achievement scores have declined since the 1960 *s; many 
possible contributing factors have been suggested but addi- 
tional research is needed to clarify related circumstances. 

• There is increasing emphasis on basic skills; knowledge of 
science is rarely considered basic. 
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• Science education is rarely included in state needs 
statements. When it is included, It increasingly 
reflects concern for life skills and work skills 

• An inq)ortant and conplex need is for equal educational 
opportunity. 

• The major objectives in science education have not 
changed markedly over the oast 20 years. The 

emphasis is beginning to s,hift, however, at the secondary 
school level 

• Improved science teacher education, especially 
inservice education, is an important need* 

• Continuing research in science teaching- learning 

is vitally needed, however, the results of. that research 
which has already been done needs to be better com- 
municated and applied. , 
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TERMS USED IN SEARCH OF ERIC DATA BASE 



Searches were li'aited by the cerms Science and llathematics 
(partial descriptors) respectively. 

c 

1. Student Outcomes 



Student Needs 

Student Attitudes 

Student Interests 

Student Opinion 

Student Problems 

Student Reaction 

Achievement 

Achievement Need 

Teacher Attitudes 

Teacher Characteristics 

Teacher Distribution 

Teacher Influence 

Teacher Responsibility 

Teacher Role 
Academic Achievement 
Administrative Change 
Administrative Problem 
Administrator Attitudes 
Community Attitudes 
Community Change 
Community Influence 
Community Involvement 
Mathematics Teachers 
Science Teachers 



2. Needs Assessment 



Achievement Tests 
Educational Needs 
Norm Referenced Tests 
State. Programs 
Statistical Data 
Student Evaluation 
Technical Reports 
Test Results 
Academic Achievement 
Academic Performance 
Educational Objectives 
Student Testing 
Testing Programs 
Educational Assessment 
Program Effectiveness 
National Surveys 
2ducational Assessment 
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2. Seeds Assessment (continued) 

State Surveys 
Statistical Surveys 
Needs 

Student Needs 
Achievement Need 
Educational Policy 
Problems (txt) 
Enrollment Trends 
Educational Trends 



3. Teacher Preparation 

Teacher Certification 
Credentials 
Teacher Certificates 
Teacher Education Curriculum 
Teacher Employment 
Teacher Qualifications 
" Teaching Skills. 

Performance Based Teacher Education 

Preservice Education 

Inservice, Teacher Education 

Science Institutes 

Summer Institutes 

Tedcher Background 

Teacher Evaluation 

4. Facilxties /Equipment 

Facilities (txt) 
Greenhouses 
Laboratories 
^ Planetariuips 
Equipment 
School Planning 

5. Effectiveness/Efficiency 

Cost Effectiveness 

Educational Assessment 

Evaluation Criteria 

Educational Accountability 

Management by Objectives 

Performance 

Teacher Effectiveness 

Performance Contracts 

Productivity 

Program Effectiveness 

Responsibility 

School Responsibility 

Educar.ional Improvement 

Educational Innovation 
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5* Effectiveness/Efficiency (continued) 

Educational Economics 
Organizational Effectiveness 
Resource Allocations 
Educational Responsibility 
Effective Teaching 

6, Student Characteristics 

Academic Ability 
Student Ability 
Average Students 
Low Ability Students 
Academic Aptitude 
Student Characteristics 
Student Evaluation 
Student Interests 
Student Motivation 
Student Science Interests 
Student Self Image 
Attitudes (txt) 

?• Curricula Patterns 

Curriculum (txt) 

Program Descriptions 

Course Organization 

Units of Study (Subject Field) 

Course Description 

Science Course Improvement Project 

Instruction 

8. Career/ Success 

Science 
Mathematics 
. Career Choice 
Career Education 
Career Planning 
Careers 

Science Careers 

9. Research 

Evaluation 
Research Reports 
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KEY WORDS FOR SEARCHING , 



DISSERTATION ABSTRACTS INTERNATIONAL 



The term EDUCATION should be used as a major term, used as an and 
.t'^rm with the list. To avoid a large number of false hits, the combined 
term PHYSICAL EDUCATION should be used as an and not term. 



Anatomy 
Astronomy 
Atom 
Atomic 



Field 
Force 
Forces 



Natural 
Nature 
Nuclear 
Nucleus 



Biochemical 

Biochemistry 

Biological 

Biology 

Botany 



Gas 

Gases 

Genetic 

Genetics 

Geological 

Geology 



Oceanic 
Oceanography 
Oceanology 
Oxidation- - 



Cell 

Cells 

Chemical 

Chemistry 

Conservation 



Density 
DNA 



Ion 

Ionic 

loi.s 



Kinetic 
Kinetics 



Laboratory 



Particle 

Physical 

Physics 

Physiological 

Physiology 

Planetarium 



Radiation 
Radio 

Radioactive 





Light 


RNA 


Earth 


Liquid 




Ecological 


Liquids 




Ecology 




Science 


Electric 




Scientific 


Electrical 


Magnet 


Sciences 


Electricity 


Magnetic 


Sea 


Electromagnet 


Magnets 


Sound 


Electromagnets 


Marine 


Space 


Electromagnetic 


Mechanical 


Speed 


Electron 


Mechanics 




Electronic 


Medical 




Electronics 


Meteorology 


Velocity 


Electrons. 


Microbiology 


Volume 


Element 


Model 




Elements 


Models 




Engineering 


Molecular 


VJcc'ithcr 


Environment 


Molecule 




Environmental 


Molecules 




Evolution 


Motion 


Zoology 


Experiment 




Zoo 


Experiments 
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ORGANIZING CHECKLIST 



DOCUMENTS 

Type of Document Year 



I. Survey or Summary of Information 
-Enrollments 

-by courses/levels 
-sex ratios 
-socioeconomic ratios 
-attrition/drop out rates 


1955-59 


1960-64 


1963-69 


1970-now 


-Curriculum/Course Offering 
-required 
-elective 

-special program/student groups 










Curriculum Materials Usage 
-texts 

. -supplemental materials, etc. 










-Instructional Practices 


• 








-Teacher Information 
-work load 

-certif ied--noncertif ied 
-in- area --out -of- area 
-nuTiber of teachers teaching 

each course/level 
-degrees, advanced work 
-specialists/department hea9s 










-Equipment /Facilities 










-Financing/Budgeting 

-state expenditures for 

science, math, social 

science 
-state supervisor budget 
-efficiency/cost effectiveness 

of program 










Impolicies, Regulations, Mandates 
-Curriculum and Instruction 

-required coucses, scope 
and sequence 

-special programs (special 
groups, JMR, etc.) 

-graduation requirements: 

credits, courses, per- 
formance , competence , 
etc . --exemptions . 










Textbook or Curriculum Adoption 
-adoption lists 
-scope and sequence 
-process of change 
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ype of Document 



Year 



195S-59 


1960-64 


1965-69 


19 70- now 



























































































































II. Policies, Regulations, Mandates 
(Cont.) 

-Teacher Preparation 
-certification 
-re-certif icat ion 
-maintaining certification 

-Accreditation Recjuirements 
-schools 

-colleges and universities 
* , (teacher ejiucation) 

.-Accountabj.lity 

-plans , summaries 



III. Guidelines, Unilo, Syllabi 
-Required Courses 
-Elective Courses 

-Special Topics (cross disciplinary, etc) 

IV. Te^sting, Evaluation 

-Pilot: Testing of Programs/Materials 

-Achievement 

-Attitudes 

-Instruments/Units of Analysis 

V . Planning Documents 

-Needs Assessment 

-Statement of Needs 

-Systematic Process/Components, 
Persons Involved 

-Use and Purposes- of Planning 
Information 

-Plans/Policy Statements 

-three year plans, etc. 
-staffing patterns 

VI. Legislation 

-rvny Pending Legislation 
Related to Education 
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GLOSSARY OF ACRONYMS 



AAS 

AACTE 

ACE 

ACT 

AETS 

AIR 

AYI 

BSCS 

CBA 

CBTE 

'CCSP 
CEEB 
CHEMS 
COPES 
EPIE 
ERIC 
ESEA 
ESCP 
ESS 
ETS 
HEW 
IPS 
ISCS 
ISIS 



American Association for the Advancement of Science 
American Association of Colleges of Teacher Education 
American Council on Education 
American College Testing Program 

t 

Association for the Education of Teachers in Science 

American Institutes for Research 

Academic Year Institute 

Biological Sciences Curriculum Study < 

Chemical Bond Approach 

Competency Based Teacher Education 

Cooperative College School Program 

College Entrance Examination Board 

Chemical Education Material Study 

Conceptually Oriented Program in Elementary Science 

Educational Products Information Exchange 

Educational Resources Information Center 

Elementary and Secondary Education Act 

Earth Science Curriculum Project 

Elementary School Science 

Educational TeF^ing Service 

Department of Health, Education and Welfare 

Introductory Physical Science 

Intermediate Science Curriculum Study 

Individualized Science Instructional System 



268 

259 



LEA Local Education Agency . 

MINNEMAST Minnesota Mathematics and Science Teaching Project 

NAEP National Assessment of Educational Progress 

NARST National Association for Research in Science Teaching 

NASDTEC ^ National Association of State Directors of Teacher Education 
and Certification * 

NCATE National Council for Accreditation in Teacher Education 

NCES National Center on Educa^tion Statistics 

NDEA National Defense Education Act 

NEA National Education Association 

NIE National Institute of Education 

NSF National Science Foundation 

NSTA National Science Teachers Association 

PACE Projects to Advance Creativity in Education 

PBTE Performance Based Teacher Education 

PSSC Physical Sciences Study Curriculum 

SAPA Science-A Process Appro£,ch 

SCIS Science Curriculum Improvement Study 

SAT Scholastic Apptitude Test 

SEA State Education Agency 

SES Socio-economic Status 

SI Summer Institute 

SSMA School Science and Mathematics Association 

yPSTKP Undergraduate Pre-service Teacher Education Program 

USMES Unified Sciences and Mathematics in the Elementary School 
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